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EFFECT OF ROADWAY WIDTH ON VEHICLE 
OPERATION 

A STUDY OF SPEED AND PLACEMENT ON TWO-LANE CONCRETE ROADS 

BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH, PUBLIC ROADS ADMINISTRATION 

Reported by A. TARAGIN, Highway Engineer 

VEHICLE POSITIONS ON A TyPIcAL 22-rooT HiGgHway. 

WO-LANE ROADS constitute 95 percent of the 
256,000 miles of dustless surfaces on primary sys- 

tems of rural State highwaysin this country. Nearly 
one-third of these two-lane roads have a portland cement 
concrete pavement. A survey of the surface widths 
of rural highways with traffic of 1,000 or more vehicles 
per day in 27 States shows that 48 percent of the roads 
at present have pavement widths less than 20 feet. 

To determine operating conditions on surfaces of 
various widths, extensive speed-placement studies were 
conducted during immediate prewar years by the Public 
Roads Administration with the cooperation of the high- 
way planning surveys in 10 States. Preliminary results 
of these studies on several sections of highway in 
Illinois were published in the 1943 Proceedings of the 
Highway Research Board. This report presents the 
complete analysis of all the data collected in the speed- 
placement studies on straight, level sections of rural 
two-lane concrete pavement. 

The equipment used in obtaining the field date con- 
sisted of combination speed me ters and transverse 
placement detectors, described in detail in the April 
1940 issue of Pusiic Roaps.' With this equipment the 

1 New Techniques in Traffic Behavior Studies, by E, H. Holmes and’S 
!PUBLIC Roapbs, April 1940. 

670201—45——-1 

. E. Reymer, 

TaBLE 1.—Study locations and vehicles included in analysis of 
speed-placement data 

CLASSIFIED BY STATE 

| 

Day Night 
State or pavement aes. & £' ae | Total 

width 4 | vehicles 
oca- Tahiclac Loca- Tahiale 
eed Vehicles eh Vehicles 

Number Number Number Number Number 
@aliforninvessaae=e es .= 2 NN sb) ae a ee Bl ee ee 11, 502 
Tings Ree eee oe 9 23, 890 4 4, 847 28, 737 
OW Re peer e eae oe Te 11 14, 012 11 5, 978 19, 990 
Misiey lati Gee oe eee 2 1, 216 2 605 1, 821 
Massachusetts ________-_- 4 6, 446 1 959 7, 405 
IMINNCSOLa ae ane eee 6 4, 871 5 3, 384 8, 255 
Ohio A Se ee 3 2, 811 2 238 3, 049 
OPec OnE ee semen 1 O26a\ be ees eee ae 628 
‘NOX AS See ee Se es eo 6 10, 365 3 1,119 11, 484 
Washing ionis: Sek ers 3 PREM m | ae, 5 ee One 2, 718 

ie OtaISos- seen ee 47 78, 459 | 28 17, 130 | 95, 589 

CLASSIFIED BY PAVEMENT WIDTH 

| | 
Ugh (2s) ce Aa pa Bee ee 15 | 24, 951 6 4,711 29, 662 

20 [OG bees nee se oe a 28 | 49, 434 20 | 11, 814 61, 248 

D2 fOOba. a ee SARA LEE 3 1, 544 2 | 605 2, 449 
24 1OCbsone se ee 1 P75 GN Nase ne oS eae Se ee 2, 230 

Potala) ar) 47 | 78, 459 28 | 17, 130 95, 589 
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transverse position and speed of each vehicle on the 
highway were recorded simultaneously on graphic 
recorder charts. ‘Three charts, one for placements and 
one for speeds in each direction of travel, were syn- 
chronized and moved at a uniform speed so that it was 
possible to determine also the time spacing between 
successive vehicles, whether they were traveling in the 
same or in opposite directions. 

VARIETY OF ROADWAY WIDTHS INCLUDED 

The number of sections where studies were made and 
vehicles observed, classified by the State in which the 
study was made, and by lighting conditions, are shown 
in table 1. Speed and placement information for over 
95,000 vehicles was obtained at 47 different locations 
on 18-, 20-, 22-, and 24-foot concrete pavements. 
At all 47 sites studies were conducted during the day, 
and at 28 of them observations were also made during 
several hours of darkness. 

Surface widths of 18 and 20 feet are well represented 
in the sample, but the wider surfaces are less adequately 
represented because of the difficulty of finding suitable 
pavements of such widths in rural areas. 

AMPLE SIGHT DISTANCES AT ALL LOCATIONS 

All the sections were on State routes, and 38 of the 
sections were on US numbered highways. Over 65 
percent of the locations were at places where the sight 
distance exceeded 2,100 feet, the minimum passing 
sight distance for a design speed of 60 miles per hour, 
as recommended by the American Association of State 
Highway Officials.? All data were taken on sections 
where the sight distance was 1,200 feet or greater. 

At all locations the pavement was flanked by well- 
maintained grass, gravel, or bituminous shoulders 4 to 
10 feet in width. There were lip curbs and grass 
shoulders on six of the sections with 20-foot surfaces. 
The data for the lip-curb sections have not been com- 
bined with the data for sections without lip curbs. 

A center line painted black, white, or yellow separated 
the two traffic lanes at all of the locations except one 
section of pavement 18 feet wide in Massachusetts, 
which had no lane markings. Placement results for 
this section are omitted from all the averages presented. 

Table 2 shows highway conditions and average ve- 
hicle placements observed at the locations selected. 
Speeds and transverse positions are shown for passenger 
cars and commercial vehicles. Light delivery trucks 
and station wagons are included with passenger cars, 
while busses are grouped with commercial vehicles. 
Data are shown separately for day and night obser- 
vations and by pavement widths. 

The average placement figures include those for pass- 
ing vehicles traveling in the left lane. Consequently 
they are influenced considerably by the relative number 
of passing vehicles and should not be compared to form 
conclusions as to transverse placements on pavements 
of various widths or with different types of shoulder. 

VEHICLES GROUPED ACCORDING TO INFLUENCE OF 

OTHER VEHICLES 

In order to permit true evaluation of the effect of 
various surface widths and types of shoulder on vehicle 
placement for different densities and compositions of 
traffic, data were segregated into the following groups 
representative of various positions of vehicles in the 
traffic stream: 

3 A Policy on Sight Distance for Highways, American Association of State Highway 
Officials, 1940, p. 25. 

__ ALL OTHER VEHICLES | 

(See Text - Group 4) 

PERCENTAGE OF TOTAL VEHICLES { \N 
}\ MEETING OTHER VEHICLES 

Se ESE LSS SSS SS 

600 800 1000 

TOTAL VOLUME — VEHICLES PER HOUR 

Figure 1.—DiIsTrRinuTION OF VEHICLES BY FREE-MovIne, 
MEETING, AND Passinc Groups oN Two-LanE CONCRETE 
PaveMENT WirH TraFFic Evenity DIstrRIBUTED IN HAcH 
DIRECTION OF TRAVEL. 

1. Free-moving vehicles.—Includes those vehicles that 
crossed the placement detector at least 6 seconds after any 
vehicle traveling in the same direction, and at least 5 
seconds after and 10 seconds prior to passage across 
the detector of any vehicle traveling in the opposite 
direction. 

Drivers in this group were, for practical purposes, 
uninfluenced by other traffic on the highway when 
speed and transverse position were recorded. 

2. Meeting vehicles —Includes those vehicles that 
were spaced more than 6 seconds behind any vehicle 
traveling in the same direction and either had met, or 
were to meet within 1.5 seconds, a vehicle traveling in 
the opposite direction. 

The term ‘‘meeting vehicles,’”’ as defined, applies only 
to those vehicles that might have been directly affected 
by opposing traffic and were not in any way affected 
by vehicles traveling in the same direction. The 
transverse positions and the clearances between the 
bodies of vehicles as they meet are major factors in 
determining desirable roadway width for safe traffic 
operation. 

3. Passing vehicles —Includes those vehicles that 
were overtaking and passing other vehicles traveling 
in the same direction and which crossed the placement 
detector within 1 second of the passed vehicle. Where- 
ever the term ‘“‘passing”’ is used in this report, overtak- 
ing and passing is implied. 

4. All other vehicles.—Includes those vehicles that 
were spaced less than 6 seconds from the preceding 
vehicle traveling in the same direction regardless of 
opposing traffic, and those vehicles that were 6 seconds 
or more from the preceding vehicle traveling in the same 
direction but which were so spaced with respect to 
opposing traffic that they could not be classified either 
as meeting or free moving. 

To illustrate the significance of these special classi- 
fications, the distribution of vehicles by the four groups 
is shown in figure 1 for volumes up to 1,600 vehicles 
per hour when traffic was evenly distributed in each 
direction of travel. The percentage of free-moving 
vehicles dropped very rapidly as the volume increased. 
At a volume of 200 vehicles per hour the behavior of 
over half of the vehicles was uninfluenced by other 
vehicles at the point of observation. Only 10 percent 
of the vehicles were uninfluenced at a volume of 800 
vehicles per hour. 

The percentage of vehicles that were meeting other 
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TABLE 2.—Speed, placement, and volume of all traffic on two-lane level tangent sections of concrete pavements 

18-FOOT WIDTH 

145 

| | * . 

Shoulders Number of vehicles Average speed | Distance of left w heels from 
Study center line 

Siata Route | section ea a2 ee JA verage ir, Ss, ee i ee 7 eee 
number number volume 

Width Type parce is Trucks | Total |P ors’ | ‘Trucks | Total gh oe Trucks | Total 

Vehicles Miles Miles Miles 
Daytime: 7 | Feet per hr. perhr. | perhr. | per hr. Feet Feet Feet 

Mllinois__..-- one wnedewee US 12____| ! 5 | Grass___- 555 4, 646 70 | 4,716 41.4 38.9 | 41.4 1.4 1.0 1.4 
Sa iad, aed es 100k- 2 8. | rassee.. a 117 311 7 368 38.8 36.6 38.5 1.3 1.4 158 

ae is U'8 J0ze 3 Bl Grasses =o eon = 383 1, 300 41 | 1,341 43,7 40. 4 43.6 1.4 ee 1.4 
— 1B 8.30 ic 4 Sa|R Garage ee eens we | 165 1, 457 214] 1,671 49.5 40.3 48.3 1.4 1.4 1.4 
Mee, be Ee Ce US 30__-- 5 SEG rassun eee sa |. 178 1, 478 255 | 1,733 47.0 40.4 46.0 12 1.0 2 

He i oa ee 8 R 13.2 .-| 6 HO4e Grass 2 o> Se |. _ 823 819 711 | 1,530 40.0 34.0 Beu2 1.4 Le 1,3 

seers U 68 14.. 7 Boly Gravel sa. 22- 268 1, 286 88 | 1,374 46.5 Ry 45.9 1.6 ny 1.6 
ogee ae ae {u F145. 8 6 | Gravel___..._..- 440 | 2,549 51 | 2) 600 44.5 38.1| 44.4 1.3 1.5 1.3 
Washington___.-._____ OS aoe. 9 bs|\Gravel..saeeus 121 662 126 788 42. 5 38. 0 41.8 1.6 1.8 1.6 
Massachusetts 1. _---_- § R114__- 10 5-6 | Gravel_________- 230 1, 043 113 | 1,156 39.1 35.8 38.8 6 3 6 
EUS Sa eae 2x ee Uip:81 11 5 | Gravel 2 a. * 2 108 407 118 525 44.8 42.3 44,2 iP 1.5 1,2 

Ming seats ol ee U8 4b. 12 5 | Bituminous_____ 685 4, 336 36 | 4,372 39.5 35.9 39. 5 1.6 1.8 1.6 
LDR ie Se: 2g 8 eS Rpt 6 lees 13 § | Bituminous--_-__. 155 433 83 516 48.2 49.5 47.3 1.5 1.6 1.5 

UGS: S152ee, 14 | 2412} Bituminous and 214 1, 189 224 | 1,413 45.7 40. 1 44.8 1.7 ats 1.8 
DCE Ee oe ealiche. 
an LOM SHR} ae 15 (ORLOV Bee eae 130 717 131 848 42. 5 34. 8 41.3 1.8 2.0 18 

1g. Ime: 

TUG ISs eee ee Wiz 2 1 Dr aGtass Se esse | 604 2,174 32 | 2, 206 39.5 41.5 | 89.5 1.1 6 1.1 
Minnesota... -- 4... OS MIDES 23 3 GaleGrass ase ese 357 855 20 875 41.6 37.5 41.5 15 Taz 1.5 
CI eee oa ern e a WS 305 s22 4 Si ¢Grasseeeaee see 79 570 95 665 45.0 37.6 43.9 1.4 9 1,3 
POW ies oe oe oa lee eS 3022.3 5 Shle Grasas ts eee | 68 506 105 611 44,3 40.5 43.7 1.6 6 1.4 
“ROE a ae URS Slemes 1] GijaGhrary el: sae een 73 61 12 73 45.6 41.1 44.9 1.4 1.5 1.4 

ian ee oe ES Ole ae 13 | 6 | Bituminous. __-- 85 | 256 25 281 45.0 36.9 44,3 1.4 i: 1.4 

20-FOOT WIDTH 

- Daytime: 
TKD ftiake <p al ee BENS SR 602- == 16 de iNGrasso:2es2.24-- 112 645 187 832 38. 4 35.2 Bier 1.6 1.6 1.6 
Pioigeys aes See UA 1 one 17 Bal Greases eb eee 580 4, 081 104 | 4,185 35.0 33.2 35.0 a8 2.0 1.8 
Tho Re pe Se ee U § 169__- 18 GiGi rags sees ese 74 702 142 844 50. 6 41.5 49,1 1.4 1.6 1.4 
ie eet Ae TUS ree eee 19 GulvGrasseeectsres S 128 468 75 543 46. 0 40.7 45.3 ing tet 1.2 
Oros Seen a ea WiSe3 2s 20 6 Grasses. eens. 283 2, 376 469 | 2,845 40.3 35.9 39.6 Lev orl 1.8 
es {v S 60m: 28 21 Sul Grasgeeewss wa 199 1, 673 261 | 1,934 48.5 41,2 47.5 1.9 1.9 1.9 

Sie pagan ee UiS'642—-5 22 SiieGrasst ee canes 121 1, 141 183 | 1,324 49. 4 41.4 48.3 ibe, 1.3 12 
Vision 23 PRWINGTASS see. le & 361 1, 193 Oost O16 41.0 35.6 40. 9 158 22 1.8 

ASlemesote US 169__- 24 Sup Gracsee see * ot 131 310 51 361 49.1 40.7 47.9 1.0 1.5 tt 
32 Oy Cape US 169__- 25 SblaGracss Sacer: ee 108 169 37 206 42, 4 41.3 42.2 1.6 2.0 tes 

ES oe 26 Gale Cirase mt eae ee aie 488 1, 356 24 | 1,380 37.0 34. 4 37.0 1.6 1.8 1.6 
Washington -_--------- US 410__ 27 Bal 2 Grads eek eee 182 841 VAR aie ee? 42.7 39.4 42.0 1.6 Da 1.6 
in@ismee east SER 1325 es 28 LOM Grass ieee ee 299 336 37 373 39.3 30.8 38.5 1.8 2.0 18 
TA ie eS ee Sa WLS Woueee 29 TOM Girasse.. of aes 180 953 ONG lets lire 43.9 37.3 42.7 1.6 2.0 7 

IN OIS see Se te Sa Wie: S42 ce 30 Bel eG revel, es aoe 257 2, 215 295 | 2,510 34.7 29.0 34.0 1.9 1.9 1.9 
SOS ES aS eS ES User 31 GulGravelo ote e 345 3, 307 255 | 3, 562 44. 0 37.8 43. 6 2.0 2.2 2.0 
Washington____-__---- LO ewe 32 ShleGira elena 275 721 137 858 45.3 40. 9 44. 6 Mi 17 ey 

Se 28.3.) 33 2 | Bituminous___-- 371 1, 482 169 | 1,651 37.0 35.1 36.8 2.4 2.3 2.4 
Massachusetts. -------- {5 R28___- 34 3 | Bituminous____- 272 935 128 | 1/063 37.8 34.8 | 37.4 2:0 1.8 2.0 
Opbirornia!. 19° sess UP Siggne: 35 6 | Bituminous_-___- 249 3, 876 985 | 4, 861 44.9 39. 6 43.8 2.12 2a! 2,2 

Massachusetts_-------- is 44 eee 36 24+4 Eumous and 372 2, 356 220 | 2,576 40.3 37.8 40.1 1.9 1.9 1.9 
gravel. 

Coatistat th a oer Aes 4 eae 37 Piao ya pees (0 0 pe yop ae 629 6, 288 353 6, 641 40.0 38.6 39.9 2.4 2.2 2.4 
ered peverants 

with lip curbs: 
; U 8 65___- 38 GuliGrass tel 22 6-5 3 120 1, 012 174 | 1,186 51.2 42.5 49.9 AO) 1.3 1.2 

ets WaSiG sae: 39 erikGrassune. 6 ee we 176 1, 078 195 | 1,273 47.8 43.3 47.1 1.3 1.4 1.3 
Be eg oe Sie ae 40 GrInGraAsS: Sone 88 416 161 577 46. 2 39. 4 44.3 m2 1293 12 

U § 69__-- 41 Sel iGrasgoptacet 2 218 1, 834 288 | 2,122 47.3 40.1 46.3 1.6 1.5 1.6 
Ohio iy eee 42 Gall Grasse © 9 8 Seo” 228 685 125 810 45.5 39.8 44, 6 187 13 1.6 

. 2 Sik aes 43 Gri) Grasseenicel Ss 296 1, 275 183 | 1,458 46,7 41.9 46.1 1.4 1.5 1.4 
ghttime: 
Oyen ea hen as SR60__- 16 AWIAGraisgh c vaneus ae 85 435 77 512 33.9 33.0 33.8 1.6 1.4 1.6 

Nolingiowt)) c< Sose es WIS 124-7 17 & | Grass. 2822.2. _- 507 1, 986 16 | 2,002 34.6 32.8 34.6 2.0 1.5 2.0 
ee eee ae US 169___ 18 GiluGrasss cosets 41 322 46 368 46.1 41.1 45.5 13 $3 1.3 
CUES a a ae ae WAS en a 19 6 Grassi. 2. alice 51 67 ‘10 77 43. 4 39.0 42.8 8 1.1 3 
Bpecsvo mh: - eg wets. 7 Ss Wissshe 20 GrleGreasson. oo. cos: 201 414 35 449 41.8 36.3 41.4 1.8 2.9 ies 
I i S$ 69___- 21 BrieGracs. wense sot 85 556 78 634 42.2 40.1 41.9 185; tek 1.7 
OLR Ts aaa Weed 22 SOnaGrasdastes sa Ye 56 402 97 499 45.2 40.6 | 44.3 .9 a7 9 

pe te: 23 DsuliGrassese cases ae 469 1, 283 21 | 1,304 42.1 37.5 42.0 1.7 2.4 17 
Minnesot U S$ 169_- 24 SeisGrass ss_3 55 Pe 96 272 33 305 49.2 39.8 48. 2 1.1 1.5 T 

PEObR =a —- Sn -- = U § 169__- 25 Role Grassi. 25. ae 51 153 42 195 41.1 Bro), eA a 1.3 13 1.3 
Wis. ee 26 SB oeGyrassoe- ele 237 694 ll 705 41.8 34.9 41.7 1.5 1.5 1.5 

Mlinois.f oe hes. =| A Rvs aes 28 10) WiGrasaies 221 aL 265 409 23 432 40.9 36.0 40. 6 1.8 1.6 1,8 

image 2k eee 2s Ug a4ecet 30 5 | Gravel 269 206 1 207 32.0 27.5 32.0 1.9 2.5 1,9 
yp eee epee Se Ee aS Ura sl aee 31 6 | Gravel 298 573 24 597 45.5 38.1 45. 2 pa) 2.0 7a 

Massachusetts. -------. U's 440. 36 2+4 oe oy and 588 942 17 959 34.8 36. 3 34.8 1e7, 2.6 1.7 
gravel. 

Nighttime, pavement 
eit lip esis WS 65522. 38 GwGrassl too eeee 65 206 40 246 48.1 42.2 47.1 7.0 9 1.0 
I (UMsNih eee 39 Bul Grass ts. eee 154 845 76 921 40. 4 39.6 40.3 1.4 1.0 1.4 
OWS--— ------ =~ —=- == 3R92____ 40 Gk Grass pe Wee 45 224 51 275 44.3 38.5 | 43.2 1.1 5 1.0 

US 69___- 41 §/),Grasseee 2 tee 101 851 115 966 43.4 39.4 42.9 1.6 1% 15 
“CLOUT appease” ae acter SU Redee ee 43 Ori Graswct os ere 161 140 21 161 41.9 34.9 41.0 1.4 .6 1.3 

1No center-line markings. ? 
2 Bight feet of grass on one shoulder only. The other shoulder had 5 feet of bituminous mix and 3 feet of grass. Speed and placement were the same for both sides of road, 
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TABLE 2.—Speed, placement, and volume of all traffic on two-lane level tangent sections of concrete pavements—Continued 

22-FOOT WIDTH 

~ OTHER SS 
SS VEHICLES SESS 

we °o 

ri ' 

DIRECTION. 

"OF TRAVEL 
| | oy 

» ' 

Shoulders Number of vehicles Average speed D fetanee Of lel ice from 
Study ) =e ———— State Patil: section ea aa a ee a = = 

wen number Neste BP 12 Passenger Width Type Foes |g arucksele Total ee | Tracks | Total vara’. | Trucks | Total 

Vehicles Miles Miles Miles 
Daytime: Feet per hr. per hr. per hr. | per hr. Feet Feet Feet 
Marylanders: eee S R 586__- 44 fa Graveleescsesue= 170 387 38 425 45.8 40.5 45.3 222 2a P4324 
Oregon eee ee teen URS 09 See 45 Sul Gravel seeecenens 187 557 71 628 48.7 42.4 48. 0 2.3 2.5 2.3 
Wieryland ae eee iS 52222 46 LOW Clay 262 esas 203 764 7 791 49.8 42.5 49.6 2.1 1.6 2.1 

Nighttime: 
eval S R 586___ 44 an GT AVC) Uae 96 290 1 291 48.0 45.0 48.0 1,8 1.5 1.8 

iat yn ogee see { Sh22.__| 46 10 Clays sie ee 126 273 41 | 314 47.5 39.0 | 46.4 2.0 1.6 1.9 

24-FOOT WIDTH 

Daytime: 
FO Db baYop ie a URSIG ieee 47 TO WeGrasseesssssees = 334 1, 805 425 | 2,230 41.5 35. 2 40.3 2.5 2.5 2.5 

sce Be | “SEDGE OF 20) PAVEMENT ice sy 
| 

90 = fs alae TN. Sale sal ai mo a: ail is 
oo eS lo 7 Sx pans eg =| aan = al ame = ——+ 

v 5 z DIRECTION. i 

4 70 = a ee es eee es Gd Sl ae ‘OF TRAMEL. ———> - + =: st. 

= L= PERCENTAGE OF VEHICLES TRAVELING w z 
- ones | IN THE DIRECTION OF LESSER DENSITY Fide ee 
_ 60 [x ALL OTHER VEHICLES ———-—j——— —}-——_— ——. + — —-—— es oO 

= ee JesiCreb 9) G+ PERCENTAGE OF VEHICLES TRAVELING o ¢ 
5) ee IN THE DIRECTION OF GREATER DENSITY w w 
* 50 ~ +-~——— en = Pe 

3 ' eX | = HG NEN ee 5 | 
w 90 Ke MEETING * | eee | 2 3 2+ = aes (ae Sy Senegal net 

a uw 

z eure 
z Bris 
2 2 D 

20 fe SESE 

> 
SS. 

eS 

See oa Se 

° 200 400 600 800 1000 1200 1400 1600 

TOTAL VOLUME - VEHICLES PER HOUR 

FigurRE 2.—DiIstRtBUTION OF VEHICLES BY FREE-Movinc, 
MBmETING, AND Passtna Groups on Two-LANE CONCRETE 
PAVEMENT WitH TRAFFIC PREDOMINANTLY HEAVY IN ONE 
Direction (AVERAGE VOLUME IN DIRECTION oF LgEss 
TRAVEL 18 120 VEHICLES PER Hour). 

vehicles, but were not within 6 seconds of the vehicle 
ahead, gradually increased with volume. Percentage of 
passings was highest at a volume of about 300 vehicles 
per hour, tapering off at the lower volumes because 
of the lessened necessity for passing, and at the higher 
volumes when the increased traffic in the opposite 
direction afforded fewer opportunities to pass. Although 
the percentage of passing vehicles may appear to be 
rather low, it should be remembered that in this an- 
alysis the two vehicles involved, the passing and the 
one being passed, had to be traveling within 1 second of 
each other at the observation point to be included in 
this category. Vehicles that were in earlier or later 
stages of passing maneuvers were included in the all- 
other-vehicles category. 

Figure 2 shows a road where traffic was predominantly 
heavy in one direction of travel. The number of free- 
moving vehicles did not decrease as rapidly as on roads 
with the volume evenly distributed in the two direc- 
tions. The percentage of meeting vehicles, as defined 
in this report, was highest at a volume of about 400 
vehicles per hour. Fourteen percent of the vehicles 
were within 1 second of the vehicles they were overtak- 
ing or passing in the direction of heavy density when the 
total traffic volume reached 1,500 vehicles per hour. 

At the higher volumes the majority of the vehicles are 
included in group 4, and data on them could not be used 

a 

Se 

° 200 400 600: 800 sooo: 

TOTAL VOLUME - VEHICLES PER HOUR 
. 

Figure 3.—ErFrecrt or VoLUME ON TRANSVERSE POSITION OF 
ALL PASSENGER Cars ON 18- AND 20-FoorT CoNCRETE PAYyE- 
MENTS WiTH GRASS SHOULDERS. 

to study the effect of different cross sections on vehicle 
behavior because so many factors influenced their posi- 
tion on the highway. There were, however, few sections 
with a traffic volume in excess of 400 vehicles per hour. 

TRAFFIC VOLUME AFFECTS TRANSVERSE POSITION OF VEHICLES. 

The effect of volume on speeds of vehicles has been 
definitely determined from extensive research on high- 
way capacity.’ In this report analysis is directed pri- 
marily toward determination of the effect of traffic vol- 
ume on the transverse placement of motor vehicles. 

The effect of volume on transverse position of the 
average passenger car traveling on 18- and on 20-foot 
pavements is shown by figure 3. As the traffic on an 18- 
foot pavement (lower half of figure) increased to a vol- 
ume of 700 vehicles per hour the average distance of the 
left wheels of passenger cars from the center of the pave- 
ment also increased until it became 1.8 feet. A further 
increase in density had no effect on the average posi- 
tion of the car. On the 20-foot pavement (upper half 
of figure) the rate of change in the position of the aver- 
age vehicle with volume was the same as on the 18-foot 
pavement. At least two-thirds of the added pavement 
width was utilized to increase edge clearance. 

Figure 4 shows the effect of traffic volume on the 
transverse positions of free-moving and meeting vehicles 
on 18-foot concrete pavement flanked by grass shoul- 

3 Results of Highway-Capacity Studies, by O. K. Normann, PusLic Roaps June 
1942, also Highway Research Board Proceedings, 1941. 
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Figure 4.—Errect or VOLUME ON TRANSVERSE PLACEMENT OF 
FREE-MovinG AND MEETING VEHICLES ON 18-FooT CONCRETE 
PAVEMENT WITH GRAss SHOULDERS, AVERAGE DENSITY IN 
Drrecrion or LesseER Movement, 120 Mines per Hour. 

ders. In this example traffic in the direction of lesser 
movement remained approximately uniform at 120 
vehicles per hour, while that in the direction of greater 
movement increased. In the direction of heavier 
travel, the distance of the left wheels of the average 
free-moving vehicle trom the center of the pavement 
increased from 1.5 to 2 feet, a change of five-tenths 
foot to the right, as the total volume increased from 
200 to 1,200 vehicles per hour. Meeting vehicles 
altered their average position only three-tenths foot. 

Free-moving vehicles in the direction of lesser move- 
ment shifted their position to the right, as the total 
volume increased, more than twice as much as the ve- 
hicles in the denser traffic stream, and during higher 
total volumes assumed almost the same position as when 
they met other vehicles. An increase in volume, there- 
fore, causes a greater change in the position of free- 
moving vehicles than in the position of vehicles in 
any other group. This presumably was due to the fact 
that the length of time the free-moving vehicles re- 
mained free moving decreased with the increase im 
volume. Drivers shifted their vehicles from the free- 
moving position to the meeting position more frequently 
as the traffic density increased until the average driver 
found it more convenient to remain in a position almost 
coinciding with his position when meeting other vehicles. 
At a volume of 1,200 vehicles per hour the free-moving 
and meeting vehicles in the direction of lesser movement 
traveled with their left wheels 2.4 and 2.6 feet, respec- 
tively, from the center of the pavement. 

The effect of volume on the transverse placement of 
free-moving and meeting vehicles on a 20-foot concrete 
pavement with traffic eveuly distributed in each direc- 
tion of travel is shown by figure 5. With an increase 
in volume from 200 to 1,200 vehicles per hour, free- 
moving vehicles moved to the right four-tenths foot, 
while meeting vehicles changed theiv transverse posi- 
tion only slightly as the volume increased. 

SPEED UNAFFECTED BY PAVEMENT WIDTH 

Tn an effort to determine the effect of pavement width 
on vehicle speed and the relation between the speed of a 
vehicle and its transverse position on the highway, 
average speeds were compiled for sections with the 
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Figure 5.—Errecr oF VoLUME ON TRANSVERSE PLACEMENT 
OF FREE-MovinG AND MEETING VEHICLES ON 20-FOOT 
CoNCRETE PAVEMENT WirH GRASS SHOULDERS. TRAFFIC 
EvEenty DiIstrRiBuTEeD IN Eacn Direction oF TRAVEL. 

TABLE 3.—Average speeds on two-lane concrete roads 

DAYTIME 

— yD 

18-foot pavement 20-foot pavement % 3 
n rei = ra bb 

' ' oo 

3 Grass shoul- r=) +> + 
a ml der 5 | 2 gS aS 

Vehicle type and traffic} § Ss a a eS PRS, “a =f} aS 
condition = Bl he Pain On © 

a Ren ae a /e0| aa | 28 a a | ite ia fe a 
wales Boal wotel, eu Buon te. oe 
3 | a, = ess & & 
Me om ond Har, oO be apek ' ’ 

1) Sy | f28 ‘S| Z o 1A a |a 
) | —= 

Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles 
per | per | per | per | per | sper | per | per | per 

Passenger cars: hour | hour | hour | hour | hour | hour | hour | hour | hour 
Free moving___..--..- 45.1| 44.5) 45.4) 48.3) 43.8] 42.1) 41.2) 48.1) 43.4 
Meeting other vehicles_| 42.8] 44.2] 44.1] 48.6] 44.5) 43.1] 41.0} 48.9) 41.1 
Passing passenger cars| 52.1] 61.5) 54.4} 59.3) 54.0) 61.3) 46.5) 55.5) 46.3 
Passing trucks or | 
DUSSCSeee ee 52.5) 48.5) 50.0) 54.4! 57.6) 50.0) 52.1] 67.5! 45.5 

Being passed _-------- 39.0} 36.8} 387.9) 42.1) 39.6) 36.4) 385. 5) 45.0) 36.6 
All, except passing..__| 43.8] 43.6) 44.5! 48.0) 438.9} 42.0} 40.5) 48.3) 41.7 

Trucks and busses: 
Free moving___.------ 38.6] 38.3) 38.4) 41.1) 37.9} 35.6) 37.6) 40.6) 36.0 
Meeting other vehicles_| 38.8] 39.5] 38.9} 41.8] 38.4) 387.5] 387.4] 45.9] 34.4 
Passing other vehicles_| 47.7| 47.8} 45.0} 51.0) 54.0) 47.5) 41.9) 55.0) 52.5 
Being passed---------| 33.5} 30.8) 33.1) 37.7] 35.5] 31.2] 32.2) 37.5) 42.5 
All, except passing____| 38.5) 38.6) 38.2) 41.4) 387.0) 35. 9) Bie 428s.) 

Number of vehicles | | 
in sample____-__-|11, 359} 6, 443) 7,149] 7, 42618, 286) 6, 930,16, 792] 1,844] 2, 230 

| | | 

NIGHTTIME 

Passenger cars: | 
Free moving. __.------ 43.9) 45.5) 45.7) 44.2) 43.4) 40.1) 387.1) 47.9). 
Meeting other vehicles_| 43.3) 45.0! 43.9) 46.0} 41.9} 88.8) 89.7) 47.8) 
Passing other vehicles..| 50.5) (1) 59.2) 58.5) 49.2) 47.3) 44.2) (1) |__.--- 
Being passed --~__-___ 7.0} (1) 39.2] 338.8] 37.0) 34.8] 32.5) @) | 
All, except passing.___| 42.8) 46.3) 45.4) 43.7) 42.4] 39.2) 35.0) 47.7] 

Trucks and busses: } | | 
Free moving-__-..----- 40.0} 43.0] 36.4) 39.3] 37.6) 38.7] 37.5} 42.5). 
Meeting other vehicles_| 39.8] 39.5) 36.0) 41.6) 39.8) 30.0) 37.5) 42.4)_ 
Passing other vehicles_| 51.7) (4) (1) 50.2) 46.5} () (1) Ole Fe 
Being passed__--.-.--| 34.0} (@) @) | 36:2) 34. 4) (G2) |G) | (Ay) Wt 
All, except passing__._| 38.9] 41.1) 36.9) 38.9) 36.6) 32. 4) 36 3) 42. 0) - 

Number of vehicles | | 
in sample... 2-2- 4, 357) 73 281| 2, 569) 7,482) 804) ‘eal nll 

| | | | | 

1 Sample inadequate. 

same surface width; and the average transverse place- 
ment for vebicles in each 5-mile-pet-hour speed group 
was tabulated for each study site. Table 3 shows 
comparable speeds for two-lane roads having different 
pavement widths segregated according to vehicle 
classification and shoulder type for day and night 
operation. 
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TABLE 4.— Average speeds on pavements of various widths 

Vehicles * F _| All, except 
Type of vehicle and pavement width See Rate passing ve- 

fic 

Passenger cars during day: Miles per hour| Miles per hour| Miles per hour 
44.9 43.4 43.7 18 feet. obs. ee ee ee 

20 Teoh eta eee en eer A 43.5 44.2 43.6 
22 feet a fe Bee ae eee ees 48.1 48.9 48.3 
24 Teeth Seo ee ee ee 43.4 41.1 41.7 

AMR NER Ste Sone 8 Pe te 44.4 44.3 44.0 
Commercial vehicles during day 

18 :feets= she 3 eee a ee eee 38. 5 39. 1 38. 5 
20 feet ee: ot eee ee ee ee 37.5 38. 2 36. 8’ 
22 LOCt toe. cee oe eee ee eee ee 40.6 45.9 41.8 
24 feet oo het ee Se eee ee 36.0 34.4 hii 

‘Total soe e ee eee ee 38. 1 39, 1 37.8 
Passenger cars at night: 

18 feet Ste = Ste Be ee eee oo 45, 2 43.6 43.5 
20 fect. . scenes Ce eee. 44.9 41.5 41.9 
PAB <0) Fe 9 oe a ee eas 47.9 47.8 47.7 

Totalt ssa See osteo ae eee eeee 45.3 42.6 42.8 
Commercial vehicles at night: 

IS Te6t2 <2. ee Seen eee 40.6 39.5 39.3 
20 feet ck eS i ee 37.7 38. 4 36.0 
22 lect: Ree sae a eee eee 42.5 42.4 42.0 

Toa) cee en ee 2 eee ee 38.8 39.0 37.4 

Table 4 shows average speeds for the more important 
vehicle classifications on the different width surfaces 
for which the shoulders and other design features were 
comparable. For the sections included in this study 
on which vehicle speeds were typical of modern two- 
lane highways, pavement width apparently had no 
consistent effect on the average speeds of either the 
free-moving vehicles or those meeting oncoming traffic. 
It is interesting to note that the speed of the average 
driver is practically the same when meeting an oncom- 

TABLE 5.—Average distance between left wheels and center line of 
typical 20-foot concrete pavements with different widths of grass 
shoulders 

Passenger cars Commercial vehicles 

Shoulder State : Meet- | All, ex- _ | All, ex- 
width Free- |ingpas-| cept | Free- nett cept 

moving] senger | passing] moving passing 
cars |vebhicles Senger | ehicles 

Feet Feet Feet Feet Feet Feet Feet 
4 1.5 257, ales 1.4 2.4 1.6 

LOWate [eee ese eS: 6 1.4 2.6 1.5 1.6 Pay) 1.6 
8 1.5 2.5 iey/ 1.5 2.3 1.6 

re peo 5 1.6 2.4 1.9 1.8 2.4 1.8 
Tilinois.-...---..----- { 10-|% 21.5] 722341 024.9 1) Leno 2.0 

tot 6 1.8 2.2 1.9 2.0 PA lay | 21 
Texas. -----.--------- { OM tie |oee oe | ed Sk ese 2.0 

ing vehicle as when uninfluenced by other vehicles. 
Evidently, drivers do not consider it necessary to 
reduce speed when approaching and meeting opposing 
traffic. Speeds at night are practically the same as 
daytime speeds. _ 

Perhaps the most important consideration is that 
drivers did not travel more slowly on the narrower 
than on the wider surfaces. This should not be inter- 
preted as implication that the narrower surfaces are 
as adequate for the desired speeds as are the wider 
roads. It is more likely that drivers maintain their 
desired speeds in the face of an apparently greater 
hazard on the narrow widths. 

In analyzing speed-placement data for the several 
vehicle classification groups, no definite relation could 
be found between the speed of the vehicle and its trans- 

TABLE 6,— Average transverse placement of vehicles and clearance between meeting vehicles on two-lane concrete roads 

DISTANCE OF LEFT WHEEL FROM CENTER LINE DURING THE DAY 

| . 

18-foot pavement 20-foot pavement whee eels 

Vehicle classification ’ Grass shoulder ; 

Grass Gravel eae a Gravel etree Gravel Grass 
. shoulder | shoulder shoulder shoulder | shoulder : shoulder Lip curb | No curb: shoulder 

Passenger cars: Feet Feet Feet Feet Feet Feet Feet Feet Feet 
Wroee movings. 2228. 28. a Be Se ee eee oe 1.4 1.5 if ¥0 lees 1.5 1.9 Pig} pall 2.4 
Msting other passenger Cars samme mamas mae ian unge (EO yo meeeter epeuees ik 2.1 2.5 2.3 2.5 2.6 3.0 2.9 3.1 
Meeting trucks or busses). 5.3 ae eee ee eee OFS DNA 2.4 2.6 2.6 2.7 3.0 Ou 3.4 
All, ‘excépt: Passi p= es eee ee ee eer Ben 2 1.6 1.6 1.9 1.6 1.8 2.1 2,5 2.3 rai 

Trucks or busses: 
FE ree-MovVing . 2. <2< 22.0 eee ee ee PE eG a. Ree Se iy?) 1.5 1.6 de) 1.6 1.8 1.9 2.0 2.2 
Meeting passengericars.- 25 ar ee eee ne ene 158, 1.8 248 it) 2.3 2.2 2.5 2.8 2.9 
Meeting trucks ‘or Dusses gee cen ee ee eee a Seer ee 1.5 We 2.5 2.7 2.5 2.5 2.5 2.9 3.0 
All; except Dassinig’s 2 Vole: eR oat 2 Sine oP ee ee eee Cee 1,2 126 1.9 1.4 1.8 1.9 PAO 2.1 2.5 

DISTANCE OF LEFT WHEEL FROM CENTER LINE AT NIGHT 

Passenger cars: 
Free-Moving 3 Aa Se See a ee ee ee, Tee eee ee ee ot 1.5 ike 1.5 1.4 1.4 2.0 thw / Ls) oe 
Meeting other “passenger Cars x= sae et ae eee, Nee ee ee yal 2.0 PAB} 2.6 2.4 2.6 2.9 2:8, | eee 
Meeting trucksior busses: -5 25-8 — ase eee ee ee re 2.5 2.5 2.5 Dad 2.5 3) 2 3.0 3:05) <a 
All, except Passing waaac. eee ee ca = egito 1.6 1.4 BY 1.5 1,6 Pal 1.8 20's eee 

Trucks and busses: 
Free-moving (SSS 2 Se eee eee i ee 8 Wa Vest ars 1.4 2.0 2.5 14 |) Sere ee 
Meeting passenger cars’ 2-2 2 ae es "i | 3 1.5 2.0 7. 1.9 2.2 3.0 2.4 "|. eee 
Meeting trucks or Dussts.o: wee hw es a eae) bs a (1) (‘) 1.8 2.0 2:5 (4) ()¢ te 
All, except passing 28. f. 60s Re Se ee a ee eee ee 1.0 1.5 13 .8 1.5 2.2 2.6 1.6) | ee 

CLEARANCE BETWEEN BODIES OF MEETING VEHICLES DURING DAY 

Passenger:carsamesting passenger'cars oe a ee ee ee ee eee Sue, 3.2 4.0 3.6 4.0 4.2 5.0 4.8 6:2 
Passenger cars and trucks or busses meeting.._._________-_..._-.------- 2-22 2.6 2.7 302 3.0 3.4 3.4 4.3 4.5 4.8 
Trucks ‘or busses meetin esrucks or DUSScsese ee nee ae en ee ee frat 2.5 3.0 3.4 3.0 3.0 3.0 3.8 4.09 

CLEARANCE BETWEEN BODIES OF MEETING VEHICLES AT NIGHT 

Passenger cars méeuing DAssSeneer/Cars=-- 22-56) eee en ae oe ee eee 3.0 3.0 3.6 4.3 3.9 4.3 4.8 
Passenger cars and trucks'or busses meetings. 25-2 eee ne ee ee Que 2.6 3.0 2.9 2.9 4.0 4.5 
‘Trueks on busses meating trucks on DUSSeSeeseeee nee eee ene eee ee 1.5 (1) () 1.6 Zo 3.0 () 

| 

1 Sample inadequate. 
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TABLE 7.—Transverse placements of wheels and clearances between bodies of vehicles involved in passing maneuvers on two-lane concrete 
roads } 

PASSENGER CARS PASSING PASSENGER CARS! 

Daytime Nighttime 

22-foot | 24-foot 
18-foot pavement 20-foot pavement pave- | pave- 18-foot pavement 20-foot pavement 

ment | ment 
Vehicle classification pS 

P Grass shoulder ; : Grass shoulder : 
Grass | Gravel kere Gravel eee Gravel| Grass | Grass | Gravel Baad Gravel zs acca 
shoul- | shoul- Shoule shoul- |" syoy}- | Shoul- | shoul- | shoul- | shoul- |‘. im shoul- | noul- 
der der ee Lip No de 4 der der der der Fs ae No der | *a0r 

curb curb as wis cur curb os 

Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet 
Passing passenger car__--_--_--__- 1.3 1.4 1.3 1.4 Le leu 1,2 2.4 7 1.8 2.5 2.1 19 1.2 1.0 2. 4 
Passed passenger car___---------- 2.0 2.0 2.0 1.9 a8 Daa 2.9 2.5 4.1 1.8 1.5 Dap 1.9 2.2 Py, 2.4 
Body clearance. s-- 25 - eles. = 203 2.4 2.3 2.3 2.9 2.9 Suk 3.9 4.8 2.6 3.0 348 2.8 2.4 2:7 3.8 

PASSENGER CARS PASSING TRUCKS OR BUSSES? 

Passing passenger car_____----- brea 2.4 2.2 2.6 2.1 1.8 2.3 2.3 1.8 iy ACD by (ee a ead (es eee ae 0.8 ZO. Sencar lees. 
Passed trucks or busses -_-------- 1.3 1.8 2.0 1.5 1.9 1.9 2.0 2.5 2.8 Us i ee ae y Lee ee 1.5 LES poet Series 
Mod viclearanes. suet se 2 2.2 2.5 3.0 2h 2:2 267 2.8 2.8 3.0 1.0 (8) (3) .8 2:3 (3) (3) 

TRUCKS OR BUSSES, PASSING PASSENGER CARS? 

| 
Passing trucks or busses.._______- 12 1.5 .8 1.9 183 1.0 DS Bi he a oa PO tal eS Pepe 9] I ae Sol Cope araogerad Md I, he ONE a ag OP =~ AAR RT Ba oo 
Passed passenger: car .— 225 < 22.2 -- 1.4 1.5 2.2 1.4 1.9 2.5 BS PY eS ee eg) Eee Spy Fa Sam Ee IP SS me (APES oye eed |< Lee Prd Ee. ae eR 
ROU Vs ClGaT ADCO mee. <n ees Tod 1.5 1.5 1.8 ii 2.0 2.9 (8) (Cyan eee ee ee ee eee |. ee 

TRUCKS OR BUSSES PASSING TRUCKS OR BUSSES! 

Passing trucks or busses_--------- | 3.0 1.5 1.3 2.5 Le 2ils ces oe. Lee ee Te ee ee Oe ae Sy cre ee [ye ee ee 2 ee (RE ne ee (OS ae 
Passed trucks or busses__----_-__- 1.0 ies 1.9 1.5 et ie pe IAN eke eee a AR eA BS alee |S [bea | ee ee ee ee 
Body clearance. 2. sos ee | 2.0 1.0 152 2.0 Lae (3) 1.3 (8) (Ope ese | eee 2 | ere a | reine oer hee eee SS 

| 

1 Passing vehicle within 1 second of passed vehicle. 
2 Distance that left wheel of passed vehicle was to the right of center line or distance that right wheel of passing vehicle was to the left of center line. 
* Sample inadequate. 

verse position on the highway at most of the observa- 
tion points. At a few of the locations those drivers of 
free-moving passenger cars that maintained the higher 
speeds traveled somewhat closer to the center line of. 
the highway than did drivers of slower moving ve- 
hicles. However, the difference between the transverse 
positions of vehicles in the fastest speed group and the 
slowest speed group was of small magnitude, generally 
below five-tenths foot. There was no difference in 
average placements between the speed groups for com- 
mercial vehicles or for passenger cars in any of the other 
classifications. It is apparent that the determination 
of an adequate pavement width for existing traffic 
speeds can be based on an analysis of the transverse 
positions on the various widths without regard to the 
relation between the speeds of individual vehicles and 
their transverse positions. 

SHOULDER WIDTH IN EXCESS OF FOUR FEET DOES NOT AFFECT 
TRANSVERSE POSITION OF VEHICLES 

While the field studies were in progress, a number of 
adjacent sections of road carrying the same traffic and 
having identical design features except for the shoulder 
width and type were selected for study to determine the 
effect of these variables on the average transverse 
position of vehicles. 

Table 5 shows that comparable placement values for 
sections with 4- to 10-foot grass shoulders are practi- 
cally identical. Shoulder width in excess of 4 feet 
does not seem to affect the transverse position of 
vehicles. This is also borne out by the fact that at 
some of the sections where the shoulders on one side 
of the pavements were wider than on the other side, 
the average position assumed was the same for both 
directions of travel. In no case were there any vertical 

obstructions immediately adjacent to the outside of 
the shoulder. 

The fact that the portion of a shoulder more than 4 
feet from the pavement edge does not affect the trans- 
verse position of vehicles has no relation to the need 
for providing shoulder of a width adequate to accom- 
modate standing ‘or moving vehicles entirely off the 
pavement in emergency. . 

Tables 6 and 7 show the average transverse place- 
ments of vehicles and clearances between the bodies of 
meeting and passing vehicles segregated by the various 
vehicle classifications and shoulder types for day and 
night operation. Values are averaged for all shoulder 
widths. 

A majority of the shoulders on the highway sections 
included in this study were grass. A sufficient number 
of sections with gravel shoulders and bituminous 
shoulders were included to permit an analysis of the 
relative effect of such shoulders on the transverse 
positions of vehicles on concrete pavements 18 and 
20 feet wide. 

Table 8 shows, for each vehicle classification and 
for two surface widths, the difference between the 
average driver’s position on a highway with grass 
shoulders and his position on a highway with gravel 
shoulders. A minus value is shown when the average 
driver traveled closer to the grass than to the gravel 
shoulder. 

The table shows that the difference in placements 
for grass and gravel shoulders did not exceed one-tenth 
foot for 21 out of a total of 34 values representing the 
various vehicle classifications and the two surface 
widths. Most of the differences greater than one-tenth 
foot are for commercial vehicles or vehicles involved 



150 PTUSB CA CORIO ACD 

Taste 8.—Difference between the transverse positions of vehicles 
on sections with grass and with gravel shoulders during day 

DIFFERENCE BETWEEN DISTANCES THAT VEHICLES WERE FROM 

RIGHT-HAND SHOULDERS! 

Vol. 24, No. 6 

TaspL_e 10.—Effect of lip curbs on the transverse positions of 
vehicles on 20-foot pavements with grass shoulders 

DIFFERENCE IN DISTANCE BETWEEN VEHICLE BODIES AND 

THE HIGHWAY CENTER LINE 

Vehicle classification Pm zahe core 

Feet Feet Passenger cars: 
Free: moving 2<.26c oe a ean nee es 0.1 0. 
Meeting other passenger carse== a= s ae e ee eee 
Meeting trucks or busses___----------- Bee Oe? PRA ot ail 7 
Passing other passenger cars------ Lices BRS St ES —1 0 
Passing trucks or busses_-__------------ ae 4 2 39) 
Being passed by other passenger cars_- pe rere 0 
All, except those passing other vehicles 2 toe c 0 

Trucks and busses: 
Free moving-_--__- 
Meeting passenger cars 
Meeting other trucks or busses- 
Being passed by. passenger carsis- 2 -- = ene ee ee a0) 
All, except those passing other vehicles_-_____------------ .4 

Ser ik i 

DIFFERENCE BETWEEN CLEARANCES OF VEHICLE BODIES ! 

Passenger cars meeting other passenger cars______--------- 0 0. 2 
Passenger cars and trucks or busses meeting ______--_----- 1 0 
Passenger cars passing other passenger cars___------------- oil 0 
Passenger cars passing trucks or busses____-_-------------- 533 of 
Trucks or busses meeting other trucks or busses________--_- (2) 0 

1 A minus sign is shown when the vehicle traveled closer to the grass than the gravel 
shoulder. 

2 Sample inadequate. 

TaBLb 9.—Effect of bituminous shoulders and effect of increase in 
surface width on the transverse position of vehicles 

INCREASE IN THE DISTANCE BETWEEN VEHICLE AND CENTER 

LINE OF HIGHWAY 

sa here ooh caves Effect of increase in surface 
with grass and width on sections with 
gravel shoulders grass or gravel shoulders 

Vehicle classification cA Sa = SS 

20-foot surface |22-foot surface | toot | amet Peomaared | compared 
sata Sahil with 18-foot | with 20-foot 

surface surface 
Re da = | ee = a 

Passenger Cars: | Feet Feet Feet Feet 
Bree IMO Vin oe eee ee ee el eae 0.3 0.7 0.2 0.2 
Meeting other passenger cars .4 .5 .4 8) 
Meeting trucks or busses ______} Pil oi .3 55 
Passing other passenger cars! __| 0 —.5 4 oll 
Passing trucks or busses !______ ae 4 —.4 —.5 
Being passed by other passen- | 

PeCnCATS = aruaes eee eee ao | 0 £0 2, .3 
All, except those passing other 
WEDICGIESE 509 Se cweea k F 8 ae) if 7) ~P 

Trucks or busses: 
Frec:movine 7. sassce aoe 8 58) a3 =o 
Meeting passenger cars.________ ae oot 5 20 
Meeting other trucks or busses 3a 0 aff .4 
Being passed by passenger cars a5 at .4 .6 
All, except those passing other 

VEMIGIGS wee eee See | AS 3 4 22 

INCREASE IN CLEARANCE BETWEEN VEHICLE BODIES 

| 

Passenger cars meeting other 
passensericarsheee nse sae a ceeee 0.8 1.0 0.8 0.6 

Passenger cars and trucks or 
busses meeting___......_._..._- 6 .9 .8 1.4 

Passenger cars passing other 
DASSEN Ser Car Sean sees 0 ail .6 1.0 

Passenger cars passing trucks or 
DUSSES= ae Je ee ee ss | 7 5 0 sii 

Trucks or busses meeting other 
trucks or bUSSGS!= = see 1,4 0 1.4 8 

| 

1 Increase in distance to left for passing vehicles, to right for all others. 

in passing maneuvers which were represented by 
smaller samples than the other classifications. 

Similar results were obtained by an analysis of place- 
ments at mght on sections with grass and gravel 
shoulders. It may be concluded, that well-maintained 
grass shoulders have the same effect as well-maintained 
gravel shoulders on the transverse position of vehicles 
on two-lane concrete surfaces. 

On highways with bituminous shoulders, the aver- 

20-foot 
pavement 20-foot 
without | pavement 

curbs com- | compared 
Vehicle classification pared with 18- 

with 20- | foot pave- 
foot pave- |ment (both 
ment with | without 
lip curbs curbs) 

Passenger Cars: Fee . Feet 
Free moving 2225.02 a ee ee es ee er ee 0. 2 0.1 
IMéeting othen passenger Cal see == aan ee eee 574 4 
Nesting trick syOreb USSCS wee ee ae ee 0 .3 
FPASSIN BIOL O EID ASS OM LOI CEs eee ae eae aaa ee a 33° 4 
PASsin ge trUCKSFORIDUSSCS aes meena eel ee “es ae: —.6 
Being passed by other passenger cars___-______-_--_-__.._- ao ea 
All, except those passing other vehicles________---_____- 59) Ys 

Trucks and busses: 
Free MmOVing jee oe ee ee ge eRe ae aes .4 4 
Meeting passenger Canses.= ses eee eee eer re 4 .5 
Mesting other trucks) or bUSSeSa see eae ee eee —.2 1.0 
Being passed by passenger cars___________- ook 32a et es .4 <2 
All, except those passing other vehicles____-_______-_____- .4 ae. 

DIFFERENCE IN CLEARANCE BETWEEN VEHICLE BODIES 

Passenger cars meeting other passenger cars______________. 0.4 0.8 
Passenger cars and trucks or busses meeting ____-________- .4 -8 
Passenger cars passing other passenger cars_______________- .6 6 
Passenger cars passing trucks or busses_______-_-__--_____-_- ol 0 
Trucks or busses meeting other trucks or busses__________- —.4 1.9 

age driver traveled closer to the right-hand shoulder 
than on highways with grass or gravel shoulders. To 
evaluate this increase in the effective pavement width, 
table 9 has been prepared. 

Comparable values are shown for the effect that bitu- 
minous shoulders have on the transverse positions of 
vehicles and the effect that 2-foot wider surfaces have 
on the transverse positions. For example, the average 
driver of a free-moving passenger car traveled three- 
tenths foot farther to the right of the center line on 
18-foot surfaces when there were bituminous shoulders 
than when the shoulders were grass or gravel. On high- 
rays with grass or gravel shoulders, he traveled two- 

tenths foot farther to the right of the center line when 
the surface width was 20 feet than he did when the 
surface width was 18 feet. The bituminous shoulder 
on the 18-foot surface had a greater effect on the trans- 
verse position of the free-moving passenger cars than 
an increase in surface width of 2 feet. Likewise, bitu- 
minous shoulders instead of grass or gravel shoulders 
improved the transverse position of free-moving pas- 
senger cars on 20-foot surfaces to a greater extent than 
did increasing surface width from 20 to 22 feet with 
erass or gravel shoulders. Also, bituminous shoulders 
induced as much increase in clearance between pas- 
senger cars meeting other passenger cars as did an 
increase of 2 feet in surface width. 

Results of similar comparisons between the effect of 
bituminous shoulders and the effect of wider surfaces 
on the transverse position of vehicles under other 
traffic conditions are not always consistent, especially 
for those conditions represented by small samples. In 
general, however, bituminous shoulders at least 4 feet 
wide adjacent to 18- and 20-foot surfaces increased the 
effective surface widths during the day approximately 
2 feet. 

None of the pavements wider than 20 feet had bitu- 
minous shoulders, and comparatively little data were 
recorded at night on the 18- and 20-foot surfaces. An 
analysis of the daytime data and the limited nighttime 
data for 18- and 20-foot surfaces does indicate, however, 
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that bituminous shoulders increase the effective pave- 
ment width as much at night as during the day; and 
their effect on transverse positions of moving vehicles 
for the wider surfaces is somewhat less than for the 
narrower surfaces. 

LIP CURBS REDUCE EFFECTIVE WIDTH 

To determine the effect of lip curbs on vehicle posi- 
tion, a total of six locations on 20-foot concrete surfaces 
with lip curbs and comparable sections without curbs 
were selected for study in Iowa and Ohio. Driver- 
behavior data were recorded for a total of 10,000 
vehicles on the lip-curb pavements and for a somewhat 
larger number of vehicles on the pavements without 
curbs. 

Table 10 shows the effect of lip curbs on the transverse 
positions of vehicles on 20-foot pavements with grass 

670201452 
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GRAVEL | 
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P OF PAVEMENT 

Fiaure 6.—AVERAGE PosiTion oF FrEE-Movina VEHICLES ON Two-LANE CONCRETE PAVEMENTS DURING THE Day. 

shoulders for day operation. Vehicles under nearly all 
conditions traveled closer to the center of highways 
with lip curbs than on sections without lip curbs. The 
average reduction in distance from the center due to 
lip curbs was two-tenths foot for passenger cars and 
four-tenths foot for commercial vehicles. These differ- 
ences are similar but somewhat less than those found 
when placements on 20-foot pavements without curbs 
were compared with placements on 18-foot pavements 
without curbs. 

It may be noted that under some traffic condi- 
tions, the lip curbs had an effect the same as or greater 
than that of a reduction of 2 feet in pavement width. 
On an average, however, especially for the more im- 
portant conditions that govern pavement width, 
including meeting vehicles, the effect of lip curbs is 
about half as great as that of a reduction of 2 feet in 
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FIGURE 7.—AVERAGE POSITION OF PASSENGER Cars MEETING 
PASSENGER Cars oN Two-LanE ConcrETE PAVEMENTS 
DvuRING THE Day. 

surface width. During the day, lip curbs reduce the 
effective pavement width approximately 1 foot. 

Comparative data show that curbs affect the trans- 
verse position of commercial vehicles at night as much 
as during the day. Lip curbs apparently do not have 
any appreciable effect on the transverse position of 
passenger cars at night. 

POSITION OF VEHICLES ON SURFACES OF VARIOUS WIDTH 
DETERMINED 

Free-moving vehicles—Figure 6 shows the average 
position of free-moyving vehicles on two-lane concrete 
pavements during the day. In figure 6 and all the 
succeeding figures and tables the values shown are the 
average vehicle placements for highway sections with 
grass or gravel shoulders. This procedure is possible 
because the previous analysis showed no measurable 
difference between operating on pavements with grass 
shoulders and those with gravel shoulders. 

Figure 6 shows values for passenger cars on the right 
and on the left are the values for commercial vehicles. 
The average width of bodies of passenger cars as 
obtained from measurements of various makes 
and models of cars was found to be 6 feet. A width of 

SHOULDERS | 

8 feet for bodies of commercial vehicles is used. The 
tread widths (distance between centers of wheels) of 
4.9 feet for passenger cars and 6 feet for trucks and 
busses were determined from the wheel placements 
recorded in this study. 

Free-moving passenger cars and commercial vehicles 
steadily increase their distances from the center of the 
pavement as width of pavement increases. The added 
width provided by a 20-foot over an 18-foot pavement 
is utilized by drivers of free-moving passenger cars al- 
most entirely to increase their distance from the pave- 
ment edge, while the distance from the center of the 
pavement increases only two-tenths foot or to a value of 
1.6 feet. The added widths provided by 22- and 24- 
foot surfaces, however, are utilized to increase the 
distance from the center as well as from the edge. 
Drivers of commercial vehicles utilize the added widths 
more to increase the distance from the edge than to 
increase their distance from the center as pavements 
wider than 18 feet are traveled. For each foot of 
added lane width, drivers of commercial vehicles, on the 
average, increase the distance from the edge by seven- 
tenths foot and from the center by three-tenths foot. 
e Apparently, drivers judge the position of their vehi- 
cles when uninfluenced by other traffic, by distance 
from the center line, since this distance is about the 
same for both passenger cars and commercial vehicles 
on pavements of the same width. The narrower tread 
results in greater edge clearance for passenger cars than 
for trucks. Drivers of passenger cars keep the centers 
of their vehicles approximately 1 foot to the left of the 
center of their lane, while drivers of commercial vehicles 
keep the centers of their vehicles about five-tenths foot 
to the left. The distance between the center of the 
vehicle and the center of the lane increases, however, as 
wider pavements are traveled. 

Passenger cars meeting passenger cars.—Figure 7 
shows the average position of passenger cars meeting 
other passenger cars during the day. These vehicles 
travel approximately in the center of their respective 
lanes on the 18- and 20-foot pavements. On 18-foot 
surfaces drivers allow a wheel-track distance of 2 feet 
from the edge and 2.1 feet from the center of the road, 
thus allowing a body clearance between vehicles of 3.2 
feet. When 20- and 22-foot pavements are traveled, 
the added width is used to increase both the clearance 
between vehicles and the distance from the edge. How- 
ever, the additional pavement width provided by a 
24-foot surface is used almost entirely to increase the 
distance from the edge. This indicates that the desired 
clearance between bodies of meeting passenger cars 1s 
about 5 feet, since this clearance is nearly obtained on 
22-foot surfaces and does not increase materially on 
24-foot surfaces. 

Passenger cars meeting commercial vehicles.—Figure 8 
shows the average position of passenger cars and com- 
mercial vehicles when meeting. The fact that passenger 
cars on 18- and 20-foot pavements do not move to the 
right to allow greater clearance when meeting commer- 
cial vehicles than when meeting passenger cars is a 
strong indication that even 20-foot roads are entirely 
too narrow when there is considerable truck traffic. 
Average body clearances of 2.6 and 3.5 feet for passenger 
cars meeting commercial vehicles on 18- and 20-foot 
pavements, respectively, appear to be inadequate for 
safety. An analysis of the distribution of vehicle clear- 
ances showed that clearance was 1 foot or less for 12 
percent of meetings on 18-foot pavement and for 5 per- 
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Figurb 8.—AVERAGE PosrrIon oF PASSENGER CARS AND Com- 
MERCIAL VEHICLES MEETING ON Two-LANE CONCRETE 
PAVEMENTS DURING THE Day. 

cent of those on 20-foot pavements. Clearances of 2 
feet or less were allowed by 47 percent of the drivers on 
18-foot pavements and by 11 percent on 20-foot pave- 
ments. 

The influence exerted by passenger cars on the 
transverse position of vehicles traveling in the opposite 
direction is shown by figure 9. On the 18-foot pave- 
ment, when passenger cars meeting other vehicles 
travel 1 foot to the left of the center line, and a small 
but significant number of cars do assume this position, 
the average position of the vehicles being met is 2.7 feet 
to the right of the center line. This allows a clearance 
of only seven-tenths foot between the bodies of the 
meeting vehicles. Similarly, on a 20-foot pavement, 
when passenger cars that encroach on the left lane meet 
other vehicles, the body clearances are only about ! foot. 

153 

= 22 PAVEMENT 

PAVEMENT —~ 24 

— 20 PAVEMENT 

| 

i’ PAVEMENT ~~ 

LEFT WHEEL OF VEHICLE BEING MET 

TO THE RIGHT OF CENTER LINE — FEET 

PLACEMENT OF 

-! ° +l +2 «3 ‘ “4 5 +s *6 

PLACEMENT OF LEFT WHEEL OF PASSENGER CAR TO RIGHT OF CENTER LINE - FEET 

Ficure 9.—ErFrect oF TRANSVERSE POSITION OF PASSENGER 
CARS ON THE PosITION OF THE MEETING VEHICLES—CON- 
CRETE PAVEMENT WITH GRASS OR GRAVEL SHOULDERS. 

Such clearances are entirely inadequate for safe opera- 
tion. 
On 22- and 24-foot pavements, passenger-car clear- 

ances are considerably greater than on 20-foot pave- 
ment. When passenger cars are five-tenths foot to the 
right of the center line on 22-foot pavements, vehicles 
they meet travel 4 feet on the other side of the center 
line, thus allowing a body clearance of 3.5 feet. 

Commercial vehicles meeting commercial vehicles.— 
Figure 10 shows the average position of commercial 
vehicles when meeting other commercial vehicles during 
the day. Eighteen-foot pavements are so inadequate 
for these wide vehicles that the average body clearance 
is only 1.6 feet. 

Although truck drivers travel closer to the edge of 
the pavement than do passenger-car drivers, they also 
sacrifice center clearance to avoid too little edge clear- 
ance. On 18-foot pavements the average truck driver, 
on meeting another truck, does not travel closer to the 
edge than 1.2 feet. The additional width provided by 
the 20-foot surface is used mostly for additional clear- 
ance between vehicles, whereas the increase from 22 to 
24 feet is utilized to increase the distance from the 
pavement edge. Only on the 24-foot surface do com- 
mercial vehicles travel in the center of their respective 
lanes. 

RELATION BETWEEN REQUIRED PAVEMENT WIDTH FOR TRUCKS 
AND FOR PASSENGER CARS 

The results show that free-moving vehicles, regardless 
of the width of the pavement, travel closer to the center 
line than to the edge and, except when traffic volumes 
are large, there is always a definite difference between 
the position of free-moving vehicles and that of meeting 
vehicles. The body and edge clearances for mecting 
vehicles or perhaps for passing vehicles are, therefore, 
the critical factors that determine adequate pavement 
width, 

The relation between the position of meeting vehicles 
and the pavement width on straight, level sections of 
highway is shown in figure 11. The curve for com- 
mercial vehicles meeting other commercial vehicles 
shows that they travel closer to the center of the lane on 
18-foot than on 20-foot pavements. The drivers have 
no other choice if they wish to maintain some edge 
clearance. On 24-foot pavements they travel in the 
center of the lane, apparently satisfied with both edge 
and center clearance. 

If it is assumed that the pavement is of adequate 
width when meeting vehicles travel in the centers of 
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Figure 10.—AveracE Position or COMMERCIAL VEHICLES 
Wuen Meeting ComMMerciaL VEHICLES ON Two-LANE 
CONCRETE PAVEMENTS DuRING THE Day. 

their respective lanes, a 19-foot pavement is adequate 
during the day for traffic consisting only of passenger 
cars; a 23-foot pavement is adequate for the passenger 
cars when there is mixed traffic; and a 24-foot pavement 
is adequate for commercial vehicles. If provision is to 
be made for a majority of the drivers rather than for 
the average driver, wider surfaces would be needed. 

From figures 7 and 8, however, it is apparent that 
drivers of passenger cars are not satisfied with the 
clearances permitted by a 19-foot pavement, when 
meeting other passenger cars. Instead they desire 
either a body clearance of about 5 feet, or a clearance 
between their left wheels and the center line of about 3 
feet. These clearances cannot be attained until the 
pavement width reaches 22 feet. 

If, then, it is assumed that a 22-foot pavement repre- 
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Tasie 11.—Percentage of vehicles that travel on shoulder when 
meeting other vehicles during periods of light traffic 

Pavement with bitu- 
minous shoulders 

Pavement with grass 
or gravel shoulders 

Pavement width 
| 
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cars | vehicles cars vehicies 

Percent Percent Percent Percent 
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sents a desirable width for traffic consisting entirely of 
passenger cars, it can be found from figure 11 that the 
corresponding width for mixed traffic is 24 feet, and for 
trafic including a high percentage of commercial ve- 
hicles a slightly greater width is desirable. 

To illustrate further driver behavior on different 
width surfaces, the percentages of vehicles that en- 
croach in the lane for oncoming traffic and the vehicles 
that travel on the shoulder are shown by figure 12 and 
table 11, respectively. 

On%18-foot pavements, 34 percent of the drivers of 
trucks and 15 percent of the drivers of passenger cars 
encroach on the left lane when uninfluenced by other 
traffic. When meeting oncoming vehicles, a surpris- 
ingly large number, 11 percent of the drivers of trucks 
and 5 percent of the drivers of passenger cars, fail to 
keep their vehicles within the proper traffic lane. These 
percentages decrease rapidly with an increase in pave- 
ment width. Only 1 percent of the vehicles encroach 
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AND Passtnc OTHER PASSENGER 
CAR ON A 22-FootT HIGHWAY. 

PASSENGER CAR OVERTAKING 

on the left lane when meeting other vehicles on 24-foot 
pavements. 

The need of pavements wider than 20 feet is further 
uUlustrated by the large increase in the percentage of 
vehicles that travel off the pavement as they meet other 
traffic when bituminous shoulders are provided (table 
bh 

PASSING VEHICLES DO NOT REQUIRE GREATER PAVEMENT 
WIDTH 

Although relatively few vehicles are engaged in 
passing Maneuvers at any one point on a two-lane high- 
way, passing is an essential feature of two-lane highway 
operation. The position that the average driver of 
passenger cars assumes when overtaking ‘and passing 
other vehicles is shown in figures 13 and 14. Included 
are only those passing vehicles that were definitely 
known to be approximately abreast of the vehicle being 
passed when lateral position was recorded. 

Figure 13 shows the average positions of passenger 
cars When passing other passenger cars during the day. 
The average clearance between the vehicles increases 
from 2.3 feet on an 18-foot pavement to 4.8 feet on a 
24-foot pavement. These values are from 0.7 to 1.4 
feet less than the clearances between meeting passenger 
cars. This difference is to be expected because the 
difference in the speeds of passing vehicles is generally 
only a small fraction of the combined speeds of meeting 
vehicles. 

On. concrete pavements the driver of the passing 
vehicle apparently gages his transverse position by the 
center of the roadway. As soon as the right wheels of 
his vehicle are about 1.5 feet in the left lane, regardless 
of the pavement width, he has the clearance he desires 
for the maneuver. The driver of the passed car in 
most cases moves his vehicle laterally five-tenths foot 
to the right of his free-moving position. 

Fieure 14 shows the average position of passenger 
cars when passing commercial vehicles. Even though 
the driver of the passing vehicle moves laterally to the 
left more when passing commercial vehicles than when 
passing other passenger cars, the body clearances are 
smaller when commercial vehicles are passed. The 
clearance between a passenger vehicle passing a com- 
mercial vehicle is also less than when these vehicles 
meet one another traveling in opposite directions on 
pavements of the same width. 

It may be concluded that on two-lane highways, 
pavement widths adequate to accommodate vehicles 
as they meet opposing traffic are more than adequate for 
passing Maneuvers. 

VEHICLES AVOID 

At night, free-moving passenger cars travel farther 
from the edge of the pavement than in the daytime 

USE OF SHOULDERS AT NIGHT 

GRASS OR 

GRAVEL 

SHOULDERS 

OF PAVEMENT 

Fiagurr 13.—AvrERAGE PosiTION or PASSENGER CARS WHEN 
Passing PASSENGER Cars oN Two-Lanr ConcrETE PaveE- 
MENTS DURING THE Day. 

(table 6). When passenger cars meet other passenger 
cars at night, however, their transverse positions are 
practically the same as during the day. Drivers of 
commercial vehicles apparently prefer greater edge 
clearance at night than during the day for most of the 
several traffic conditions. Consequently, clearances 
between bodies of commercial vehicles when meeting 
other vehicles are slightly lower at night than during the 
day. Also, the percentage of vehicles that encroach on 
the left lane, both when free-moving and when meeting 
other vehicles, is higher at night, especially on the 
narrower pavements. For example, on a percentage 
basis, three times as many commercial vehicles en- 
croach on the left lane when meeting other vehicles on 
18-foot pavements at night as during the day. 

Shoulders are used very little at night except on 18- 
foot pavements. On pavements of this width about 2 
percent of the vehicles use the shoulders. Even bitu- 
minous shoulders are not used to a great extent at 
night, although they increase the effective pavement 
width to the same extent as during the day. 

The average body clearance between passing and 
passed vehicles is greater for passenger cars at night 
than in the daytime, primarily because the driver of the 
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Figure 14.—AvERAGE PosiTIoN oF PASSENGER Cars WHEN 
Passing CoMMERCIAL VEHICLES ON 'Two-LANE CONCRETE 
PAVEMENT DuRING THE Day. 

passing vehicle swerves more to the left at night. 
There were too few times when commercial vehicles 
passed at night to obtain an adequate sample (table 7). 

The only definite conclusion regarding necessary sur- 
' face widths for night.driving is that 18-foot pavements 

are more inadequate at night than during the day for 
similar traffic densities. The wider surfaces appear to 
be as adequate at night as during the day. 

PATHS OF PASSING VEHICLES DETERMINED BY ANALYSIS 

During the speed-placement studies at each site, the 
transverse positions of the vehicles were recorded at only 
one point on the highway. The path of each vehicle, 
as it overtook and passed a slower-moving vehicle, was 
not recorded. It is possible, however, to determine the 
path of the average vehicle as it overtakes and passes 

TRUCK ON A PASSENGER Glee OvERT ine AND PASSING 
22-root HIGHWAY. 

other vehicles traveling at various speeds by correlating 
the lateral and longitudinal positions of a large number 
of different vehicles with the relative positions of the 
vehicles being overtaken and passed. In this analysis 
only data for those vehicles uninfluenced by oncoming 
traffic were used. The combined results for four 
locations on 20-foot pavements in California and Texas 
are shown in figures 15, 16, and 17. 

Figure 15 shows time-position curves that indicate 
the paths of passing vehicles with respect to the passed 
vehicle for three speed conditions. The abscissas. 
indicate the time spacing of the two vehicles. Plus 
values denote that the faster car is behind the vehicle 
being passed and the minus values indicate the faster 
vehicle is ahead and is returning to its own lane. The 
ordinates indicate the spacing of the left wheels of the 
faster passenger cars from the center of the pavement. 

Curve C shows the position of the left wheels of 
passenger cars traveling at the same speed as the vehicle 
ahead. The average speed was observed to be 41 
miles per hour. Drivers of these cars follow the same 
path as the preceding vehicle if the time spacing 
between vehicles exceeds 2 seconds. When the spac- 
ing falls below 2 seconds, that is, when the distance 
between centers of cars averages 120 feet, the drivers 
of the trailing cars begin to edge toward the center of 
the pavement. When immediately behind, the rear 
passenger car is about 1 foot closer to the center of the © 
road than the vehicle ahead. Included in this group 
are cars that seek the opportunity to pass, but are 
trailing at the same speed. As soon as conditions are 
favorable they increase their speed for a passing 
maneuver. The positions of vehicles that travel at 
speeds higher than the vehicle being passed are shown 
in curves A and B. 

Curve B shows’ the path of the left wheels of cars 
traveling 4 to 9 miles per hour faster than the vehicle 
being overtaken. The average speed of the passin 
car and the difference in speeds of passing and padded 
vehicles are 46.2 and 6.4 miles per hour, respectively. 
The passing cars travel somewhat closer to the center 
of the pavement than those in curve C, and begin to 
veer toward the center at a time spacing of 3 seconds, 
or when the average distance between centers of cars 
is about 200 feet. The faster cars encroach on the 
left lane when the time spacing is 1.5 seconds, and 
return to the right lane after afartalcine the slower 
vehicle When the time spacing is 1.4 seconds. How- 
ever, these cars assume their original transverse posi- 
tion on the pavement only when they are 5 seconds 
ahead of the vehicle passed. When these vehicles are 
abreast of the vehicle being passed, their left wheels 
are 3.8 feet from the left pavement edge, and the body 
clearance is, on the average, 3 feet.. 
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Curve A shows the path of the left wheel of cars | toward the left lane, encroaching on the left lane at a 
traveling 10 or more miles per hour faster than the | time spacing of 3 seconds. When abreast of the ve- 
vehicles being overtaken. The passing cars are driven | hicle being overtaken, their left wheels travel at a 
at an average speed of 51.5 miles per bour, and 16.8 | distance of 2.9 feet from the left pavement edge, allow- 
miles per hour faster than the vehicle being passed. | ing a clearance of 3.4 feet between the bodies of the 
These vehicles travel much closer to the center of the | two vehicles. The passing cars return to the right 
pavement and move to the left lane much sooner than | lane when 2.6 seconds ahead of the slower vehicle. 
the vehicles in the lower speed differential groups. At The curves in figure 15 are representative of the 
a time spacing of 5 seconds, or when about 375 feet | paths of vehicles that maintain a constant speed during 
behind the slower vehicle, they begin a gradual shift | the entire passing maneuver. Under actual operating 
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conditions some passing maneuvers are performed in 
this manner, but generally the driver of the passing 
vehicle accelerates as he encroaches on the left lane. 
The actual path of the passing vehicle that accelerates 
would be governed by the time spacing relative to the 
vehicle being passed when the maneuver is started, by 
the speeds of the vehicles, and by the rate of accelera- 
tion. For example, as a vehicle traveling at the same 
speed as the vehicle to be passed accelerates, its path 
might shift from curve C to curve B and then from 
curve B to curve A before getting abreast of the 

~passed vehicle. 
In figure 15, the controlling factor for each of the 

curves is the speed differential between the passed and 
passing vehicles. Data for passing vehicles traveling 
at all speeds are combined. Figure 16 shows the effect 
of speed on the paths of the passing vehicles when 
there is a speed differential of at least 10 miles per 
hour. Figure 17 shows the effect of speed when there is 
a speed differential between 4 and 9 miles per hour. 
These figures show that for the same speed differential, 
the portion of the pavement width that is utilized 
varies with the speed of the passing vehicles. 

DISTANCE COMPUTED FOR OCCUPATION OF LEFT LANE BY 

PASSING VEHICLES 

Although figures 15 through 17 show the relative 
transverse positions of vehicles with various time 
spacings on the highway, they do not show the distance 
that the faster vehicles travel in the left lane. This 
distance can easily be calculated from the curves. For 
example, curve A of figure 15 shows that the faster car 
while traveling in the left lane gains 5.6 seconds on the 
vehicle being passed, 3 seconds of which are gained 
from the time the passing vehicle encroaches on the 
left lane until it is abreast of the passed vehicle, and 
2.6 seconds are gained while returning to the right lane. 
At 51.5 miles per hour a gain of 5.6 seconds represents 
a gain of 5.6X51.5X 1.47, or 423 feet. In other words, 

the faster car is 227 feet behind when it enters the left 
lane to pass the slower moving vehicle, and 196 feet 
ahead when it returns to the right lane. The time 
spent by the faster vehicle in the left lane equals the 
distance divided by the difference in speed. Thus, 
time spent in left lane is 423 divided by 16.81.47, or 
17.2 seconds. During this elapsed time, the faster car 
travels 1,299 feet in the left lane, while the slower 
vehicle travels 876 feet. Similarly, curve B shows that 
a passenger car traveling 4 to 9 miles per hour faster 
than the vehicle being overtaken gains 2.7 seconds and 
travels at an average speed of 46.2 miles per hour. 
The faster car travels 1,322 feet in the left lane while 
the slower vehicle travels 1,139 feet. 

Table 12 shows the speed and transverse position of 
the passing vehicle and the time and distance traveled 
by passenger cars in the left lane while overtaking 
slower vehicles %on two-lane concrete pavement 20 
feet in width. 

This analysis of vehicle paths during passing maneu- 
vers supplies information that cannot be obtained by 
any other practical procedure. The results augment 
those of the passing studies in which more comprehensve 
data regarding the travel time in the left lane and 
speeds at various stages of the passing maneuvers 
were recorded and analyzed.* 

STUDIES RESULT IN SIGNIFICANT CONCLUSIONS 

Based upon the results of extensive studies of vehicle 
operation at a large number of highway locations, the 
following are the more important conclusions that apply 
to straight, level sections of two-lane highway with 
concrete surfaces: . 

1. Shoulder width in excess of 4 feet does not influ- 
ence the effective pavement width for moving vehicles 

* Procedure Employed in Analyzing Passing Practices of Motor Vehicles, by E. H. 
Holmes, PusBLic Roaps, January 1939. 

Progress in Study of Motor-Vehicle Passing Practices, by O. K. Normann, PUBLIC 
Roapvs, February 1940. 

Passing Practices on Rural Highways, by C. W. Prisk, Highway Research Board 
Proceedings, 1941. 
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TaBLE 12.—Speed, placement, and distance traveled in left lane 
by passenger cars while overtaking slower j\vehicles on two- 
lane concrete pavements 20 feet wide 
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CARS TRAVELING 10 OR MORE MILES PER HOUR FASTER THAN 

VEHICLES BEING OVERTAKEN 
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Ci ee ee oe 49.5 16. 2 18.3 1, 329 436 2.6 Sout 
18-72 (total) _.._-- 51.5 16.8 17.2 1, 299 423 2.9 3.4 

! Distance of left wheels from left edge of pavement. 

when there are no vertical obstructions immediately 
adjacent to the shoulders. This must not be inter- 
preted that shoulders wider than 4 feet are not neces- 
sary for other important reasons. 

2. Well-maintained grass shoulders have the same 
effect on the transverse position of moving vehicles as 
well-maintained gravel shoulders. 

3. Bituminous-treated shoulders, 4 feet or more in 
width, adjacent to 18- and 20-foot pavements, increase 
the effective surface width approximately 2 feet. 

4, Lip curbs on 20-foot pavements reduce the total 
effective pavement width during the day approxi- 
mately 1 foot. At night this is true only for commercial 
vehicles. 

5. Shoulder use increases rapidly with a decrease in 
pavement width below 22 feet. An insignificant num- 
ber of moving vehicles use the shoulders on pavements 
of that width. On 18-foot pavements with grass or 
gravel shoulders, however, 5 percent of the commercial 
vehicles use the shoulder as they meet oncoming traffic. 
The corresponding value is 17 percent on highways 
with bituminous shoulders. 

6. Hazardous traffic conditions exist on pavements 
less than 22 feet wide that carry even moderate vol- 
umes of mixed traffic. On 18-foot pavements with 
grass or gravel shoulders, 11 percent of the drivers of 
trucks and 5 percent of the drivers of passenger cars 
fail to keep their vehicles witbin their proper traffic lane 
even when meeting oncoming traflic. 

7. Drivers do not reduce their speeds when meeting 
other vehicles on narrow pavements even though body 
clearances are definitely inadequate. 

8. When a passenger car meets a commercial vehicle 
on a pavement 22 feet wide, the passenger car has the 
desired center and edge clearances but the commercial 
vehicle does not. To permit desired clearances for 
commercial vehicles a 24-foot pavement is required. 

jAPPENDIX 

During the analysis of the data from field studies, a large num- 
ber of tables and graphs were prepared showing frequency dis- 
tributions, mean and standard deviations, and other statistical 
measures pertaining to the variation in speeds and transverse 
placements of vehicles under various conditions. These tables 
and graphs were used in arriving at the conclusions but are 
omitted from the report the discussion being based primarily on 
average values. It is believed, however, that the frequency dis- 
tributions of vehicle placements may be useful in determining 
slab thickness and cross section, shoulder width and type, and 
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other design features, in addition to their value in determining 
required surface width for a specific traffic condition. 

Table 1 of the appendix shows frequency distributions of 
transverse placements for the more important vehicle classifica- 
tions on two-lane concrete pavements 18, 20, 22, and 24 feet 
wide with grass or gravel shoulders for day operations. For 
night operations typical distributions are shown for 18- and 20- 
foot pavement widths. 

Table 2 shows the frequency distribution of clearances between 
bodies of vehicles as they met one another traveling in opposite 
directions. 

TaBLE 1.—Frequency distribution of transverse placements of 
vehicles on two-lane concrete pavements with grass or gravel 
shoulders at least 4 feet in width 
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See footnotes at end of table. 
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TRAFFIC PLANNING STUDIES IN AMERICAN 
CAS 

BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH, PUBLIC ROADS ADMINISTRATION 

Reported by JOHN T. LYNCH, Chief of Planning Surveys Section 

URING THE PAST 2 YEARS there has been a 
remarkable development in city planning studies. 
Techniques have been greatly improved and many 

new studies have been begun. 
The principal reason for this accelerated activity is 

the provision of the Federal-Aid Highway Act of 1944, 
which makes available $125,000,000 of Federal money in 
each of the first 3 years following the war for construc- 
tion on the Federal-aid system in urban areas. Since 
this money is to be matched by State and local funds, 
the total sums will be about twice that amount. 

NEW FEDERAL POLICY 

When distributed among the States and among the 
cities in the States, this is not a large amount of money 
considering the magnitude of the problems to be solved. 
It does, however, mark a change in Federal policy which 
may result in the availability of considerable sums of 
money for urban construction over the next 20-year 
eriod. It was not until the emergency legislation of 

1933 that Federal highway funds could legally be 
spent for construction through municipalities having a 
population of more than 2,500 where the houses 
average less than 200 feet apart. 

Since enactment of the Hayden-Cartwright Act of 
1934 regular Federal-aid funds have been available for 
expenditure on urban sections of the Federal-aid 
system and numerous improvements have been made. 
However pressing needs for improvements on rural 
portions of the system and the size of the funds provided 
have prevented a major attack on city highway prob- 
lems. The new legislation provides $225,000,000 for 
either urban or rural portions of the Federal-aid system 
in each of the first 3 postwar years. It definitely recog- 
nizes the urban highway problem as, in part, a Federal 
responsibility by providing an additional $125,000,000 
in each of the first 3 postwar years that is specifically 
assigned to urban portions of the Federal-aid system. 

The legislation provides for designation and im- 
provement of a 40,000-mile system of interstate high- 
ways with appropriate connections through cities. 
This system is to be made a part of the Federal-aid 
system and will be eligible for participation in Federal- 
aid system funds. No special funds have been pro- 
vided for the interstate system. 

Funds provided by the new legislation and general 
recognition of the necessity of solving the more critical 
city traffic problems by large scale, bold, and costly 
improvements assure large city programs. The con- 
cept of the scale and character of these programs is 
relatively new. Decisions made now as to the pattern 
for improvements will influence developments for many 
years to come. It is especially important that data 
be obtained and analyzed on an extensive scale in such 
manner as to clarify the complex urban problems and 
indicate the proper solutions. Recognizing that the 
methods used in rural-road analysis and those generally 
used in city planning in the past are not adequate for 
the solution of problems now at hand, the Public 
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POPULATION GROUPS OF CITIES 
To se 

300,000 [:2-. 
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To : 
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PERCENTAGE OF TOTAL APPROACHING TRAFFIC 

PROPORTION OF TRAFFIC 
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Figure 1.—GraprH SHowine Two Divisions or THE ToTaL 
TRAFFIC ON Roaps APPROACHING REPRESENTATIVE CITIES 
or Various PopuLaTion Groups: (1) THe AverRAGE PER- 
CENTAGE City Bounp aNnp (2) THE AVERAGE PERCENTAGE 
Wuicu CouLtp Have BYPASSED THE CITIES. 

Roads Administration has made special studies of 
methods of accumulating the data needed for scientific 
planning of urban highways. 

BYPASS STUDIES 

Having thought in terms of rural roads for so many 
years, the inclination of the State and Federal engineers 
on first approaching city problems was to regard urban 
congestion as a hindrance to the flow of intercity and 
interstate traffic and to try to expedite travel by the 
construction of routes skirting the edge of the urban 
areas. In many cases such bypasses have been justified, 
but early studies showed that most of the traffic ap- 
proaching a city wants to go into it and that a bypass 
solves only a small part of the problem. 

Figure 1, taken from the report of the National 
Interregional Highway Committee which was trans- 
mitted to Congress before the passage of the Federal 
Highway Act of 1944, shows the percentage of the 
traffic approaching cities of various sizes which is 
bound for the city, and the percentage which could 
avoid the city. It must be emphasized that these are 
averages and that the percentages vary widely accord- 
ing to the conditions. It will be noted that for cities 
of over 500,000 population about 96 percent of the 

161 
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approaching traffic is bound for the city, whereas for 
cities of from 10,000 to 25,000 the corresponding 
figure is about 79 percent, on the average. : 

Smaller cities frequently need bypasses because they 
will contribute materially to the relief of traffic conges- 
tion within the city. To illustrate the kind of studies 
being made to determine the need for bypasses, a survey 
made in Martinsville, Va., by the State highway de- 
partment in cooperation with the Public Roads Ad- 
ministration wil) be briefly described and some of the 
results will be given. 

MARTINSVILLE STUDY USED AS ILLUSTRATION 

Martinsville, a city of about 10,000 population, is 
located in southwest Virginia in the foothills of the 
Blue Ridge Mountains. It has an average elevation of 
above 1,000 feet and the surrounding topography is 
comparatively rough. As is usual in cities so situated, 
the streets have steep grades and are rather narrow. 
The chief industry is the manufacture of furniture, but 
there is diversified manufacturing including textile 
and other products. 

Figure 2 shows the principal highway routes through 
the city. US 58 comes in from the southwest from 
Bristol, Va., follows Starling Avenue to Church Street, 
turns right on Church Street and goes out in.an easterly 
direction to Danville, Va. US 220 from Greensboro, 
N. C., joins US 58 south of the corporate limits and 
is coincident with it along Starling Avenue to Church 
Street. At this point, however, U S 220 turns Jeft and 
follows Church Street through the retail business 
district, and leaves the city in a westerly direction to 
Roanoke, Va. State route 57 coming in from the west 
from Bassetts, Va., joins with U S 220 near the west 
city limit and follows Church Street all the way through 
the city, coinciding with U § 58 from Starling Avenue 
to the east city limit, and thence turns and goes in a 

northerly direction to Chatham, Va. ‘Two of the three 
principal routes through the city follow Church Street 
through the congested downtown section. <A fourth 
route, State route 108, which is of less importance, comes 
in from the north and terminates in the business section 
at Church Street. 

Figure 3 shows the traffic volumes on these routes 
and on other major streets in Martinsville. The 
greatest traffic volume on any portion of the transcity 
connections amounts to 5,167 vehicles per day and 
occurs on Church Street between Starling Avenue and 
Lester Street. At Lester Street this traffic divides and 
part of it follows Main Street. 

A portion of the 4,344 vehicles coming in each day 
from the south leave Starling Avenue at Broad Street 
and another portion turns off on Cleveland Street. 
Both Broad and Cleveland Streets offer shorter routes 
to the downtown section and would be used by a much 
larger portion of the traffic were they equal in physical 
characteristics to Starling Avenue. 

Figure 4 shows conditions through the city along 
US 220. At the south city limit there is a 40-foot con- 
crete pavement which narrows to 30 feet at Forest 
Street and the pavement continues at this width to the 
point where the route turns to the left from Starling 
Avenue on to Church Street. The first section on 
Church Street is 40 feet wide, but from Lester to Moss 
Streets, through the congested downtown section, the 
width is only 27 to 30 feet. Except for a very short 
section of 30-foot width near the west city limit, the 
remainder of the route is 39 feet in width. 

There are numerous grades on this route, some of 
them rather steep. From the south corporate limit to 
Church Street the maximum is 5.2 percent, and on 
Church Street through the business section, the range is 
from 2.6 percent to 4.6 percent. for the half mile 
between Moss Street and Jackson Street there are 
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continuous grades, ranging from 4 percent to 6.6 per- 
cent, and from Jackson Street to the west city limits 
the grades range from 4 percent up to 8 percent. 

There are eight stop lights and one caution light on 
this route and at several other points there are inter- 
ferences by cross traffic which cause considerable delay. 
The diagram at the bottom of the chart shows the 
average speeds on U S 220 through the city for all 
hours of the day and at the peak hour. This informa- 
tion was determined by cruising with the traffic. From 
the southern limit to Church Street conditions are 
fairly satisfactory, and automobiles maintain an aver- 
age speed of 22 miles or more for the day, and 18 miles 
or more during the peak hour. After turning on to 
Church Street there are numerous stop lights and other 
interferences and average speeds decline. In the most 
congested section between Broad and Moss Streets 
the average speed for the day was from 12 to 13 miles 
per hour and during the rush period was from 7 to 9 
miles per hour. From Moss Street to the west city 
limit fairly satisfactory speeds are maintained. 

ORIGIN AND DESTINATION SURVEY MADE 

In order to determine the improvements needed to 
serve through traffic, and the relation between the 
benefits which would accrue to the traveling public, and 
the cost of the improvements, “origin and destination 
stations” were operated on each main highway where it 
enters the city. Each station was manned for a full 
24-hour period by interviewers who stopped all vehicles 
leaving the city and asked the drivers their origins and 
destinations and if stops were made in the city that 

required them to follow the route traveled even though 
a more attractive and more direct route were provided. 

About 80 percent of the traffic had origin or destina- 
tion within the city or made essential stops there, and 
only about 20 percent could have used a bypass, had 
one been available. However, conditions in this city — 
are such that the construction of a bypass may be 
justified for even this small portion of the total traffic. 
Further analysis was made of the origins and destina- 
tions of the through traffic to determine how much of 
it would use the various segments of a circumferential — 
route. 

Figure 5 shows the interchange of the bypassable 
trafic between the major highways entering the city. 
The largest single through movement consists of 510 
passenger cars and 128 trucks, or a total of 638 vehicles, 
which travel between U S 220 to the west and the coin- 
cident routes U S 220 and U S 58 to the south. The 
only movement of comparable magnitude is that 
between U S 58 and U S 220, combined, at the south 
and U S 58 and State route 57, combined, at the north- 
east. 

The various. types of improvements that might 
relieve existing conditions were considered. If exist- 
ing streets could be improved in such a manner as to 
permit the free flow of traffic, or if other parallel facili- 
ties could be provided within the city itself, the greatest 
benefits could be expected because so much of the traffic 
has its origin or destination within the city. However, 
this was found to be impracticable for several reasons; 
Church Street is narrow and closely built up and there 
are no parallel streets except Main, which is already 
seriously congested. There is much interference by 
cross traffic and the total volume of traffic to be served 
does not justify the cost of a controlled-access highway. 
Even a new street at grade would require an enormous 
expenditure for right-of-way and would not give full 
relief because of the cross traffic. 

POSSIBLE SOLUTIONS CONSIDERED 

It was decided then to study each of the segments of 
a circumferential or bypass route to determine what 
benefits could be expected from each. <A route border- 
ing the northern part of the city would serve 506 vehi- 
cles for its entire length, and 51 additional on its east- 
ern half, and 26 additional on its western half, the addi- 
tional traffic being contributed by State route 108. 
At most, this would relieve Church Street of only about 
10 percent of its present traffic. It is not practicable 
to locate the bypass so as to save distance for any 
except a few vehicles from State route 108, and it is 
probable that the route would be longer than the exist- 
ing route for most of the traffic. It would be possible 
to save 3% minutes in travel time for east-west traffic, 
but this small benefit would hardly justify the cost of 
construction. It is fairly obvious, without further 
analysis, that such a route would not be justified. 
A bypass skirting the city on the east would serve 573 

vehicles for its entire length, but would be as long or 
longer than the existing route. It would save little 
travel time because the existing route is fairly adequate 
and delays are not comparable to those encountered 
on the routes traversing the business section. On the 
whole, such a bypass would be even less justifiable than 
one around the northern edge of the city. 

A road bypassing the city on the southwest and con- 
necting US 220 and US 58 from the south with U S$ 220 
and State route 57 to the west would obviously save 
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considerable distance over existing routes and, in addi- 
tion, would serve the largest single movement of 
through traffic; namely, that which enters and leaves 
by US 220. The benefits that would accrue from the 
construction of such a route will be analyzed in some 
detail. This analysis is presented for purposes of 
illustration and varies in some particulars from the 
analysis presented in a report on this project. 

SOUTHWEST BYPASS ANALYZED 

The approximate location of the bypass under con- 
sideration is labeled “assumed bypass’”’ in figure 2. 
This location would save approximately 2 miles for 
through traffic on U S 220, the distances being 4.5 
miles by the present route and 2.5 miles by the bypass. 
For traffic between U S 220 and U § 58 to the south 
and State route 57 to the west the saving would be 
2.2 miles. Assuming that traffic will increase 60 per- 
cent during the life of the improvement and will average 
30 percent higher during that period than at present, 
the average daily vehicle-miles saved would be as 
follows: 

PASSE VEr CATRo 3. fete LG 2 ee ae er OTD 
EU CIcS Syne see ene ee pe ee on 413 

The benefits per vehicle-mile of travel saved can be 
computed by taking into consideration cost of gasoline, 
oil, tires, maintenance, and that portion of deprecia- 
tion which is chargeable to driving as distinguished 
from fixed expenses which must be incurred regardless 
of the distance traveled. For passenger cars the sav- 
ing was computed by the Oregon State Highway Com- 
mission as 3.21 cents and by the Connecticut State 
Highway Department as 2.83 cents per vehicle-mile. 
In this analysis 3 cents is used. The saving to trucks 
depends upon the type and weight of truck. Figures 
developed by Oregon are 6.30 cents for light trucks, 
8.84 cents for medium trucks, and 14.61 cents for heavy 
trucks. Connecticut figures are 6.30 cents for light 
and medium trucks and 13.87 cents for heavy trucks 
and combinations. In the present analysis the value 
of distance saved to trucks of all classes combined was 
assumed to be 8 cents. The daily benefits to automo- 
bile users for saving distance would then be as follows: 

Passenger cars._...._._._-_. 2,012 X 0. 03=$60. 36 
Umieks meee es ee 413 <0, 08 = 833% 04 

OLS eee ees ee ee etn ee Ve $93. 40 

The value of time saved is much more controversial 
and cannot be computed with a high degree of certainty. 
However, benefits from time saving are real and are 
sometimes actually paid for in cash, as in the case of a 
toll facility. The State highway departments of both 
Oregon and Connecticut have used a figure of 60 cents 
per hour as the value of saving time for passenger cars. 
This figure has had quite general usage and appears to 
be reasonable on the basis of the meager information 
available. It is used, therefore, in the analysis of the 
Martinsville southwest bypass. 

The saving for trucks is more definite than that for 
passenger cars, because there is frequently a money 
return and the driver is paid. Figures developed by 
Oregon are $0.86, $1.17, and $1.47 per hour for light, 
medium, and heavy trucks, respectively, and figures 
developed by Connecticut are $0.87 for light and 
medium trucks combined, and $1.46 for heavy trucks 
and combinations. In this analysis $1.20 per hour, or 
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2 cents per minute, is used for trucks without classifi- 
cation by size. 

Assuming an average speed of 45 miles per hour on 
the bypass, time saved would be approximately 8 min- 
utes and 45 seconds for all through vehicles which use 
it. The average daily vehicle-minutes saved during 
the life of the improvement would be as follows: 

iPaSSGZel: Cliaae lee eet Re ee Eee 8, 
AtsuhweAlics fee 

The total daily benefits from the saving would, there- 
fore, be as follows: 

Passenger cars..-----_--_ 8,525 <K ..01=$85. 25 
(OCC Se eee ee Soe eee 0) oe OD = bounoO 

ObRI Se eee ees DE RT Be $120. 75 

There are numerous other benefits that are not 
evaluated. Among them are the savings of wear on 
brakes and tires in eliminating stops, relief from the 
strain of driving in congested traffic, and benefits to 
other traffic, particularly that on Church Street, 
brought about by the lessening of traffic volume by 
almost 20 percent. 

Considering only the distance saving and time saving, 
the values are as follows: 

Distance saving per day_____.___-___--_ $93. 40 
ime gaviiey pervaay.. . ra eee ee 120. 78 

eo 4 ba ae A ee TOE A Oe 214. 18 
PAIN BELT Ove se oy $78, 176 

Thus, an annual cost of $78,176 in the construction and 
maintenance of a new facility would be offset by the 
benefit to the users. The relation of first construction 
cost to annual cost varies in accordance with local con- 
ditions and the type of improvement, but, as a rough 
general figure for improvements of this kind, the annual 
cost can be considered to be approximately 7 percent 
of the construction cost, being made up of 3 percent 
amortization, 2 percent maintenance, and 2 percent 
average interest figured on the basis of 4 percent 
each year on the unpaid balance. On this basis an 
initial construction cost of about $1,120,000 would be 
justified by annual benefits of $78,176. 

It may be that a particular improvement is fully 
justified on the basis of such a calculation, yet should 
be deferred because other improvements show a higher 
ratio of benefits to cost. In this case, construction cost 
estimates have not been made, but, assuming that the 
route could be constructed for $100,000, the ratio of 
benefits to cost would be 11.2. Such a figure derived 
from an actual estimate could be used as a priority 
index to be compared with similar indices for other 
projects. 

In the case of Martinsville, the situation is especially 
favorable for a bypass because of the large saving in 
distance. Considered on its own merits, such a bypass 
is well worth constructing and, as has been shown, the 
benefits would probably be much in excess of the cost. 
However, it does not solve the Martinsville traflic prob- 
lem as a whole, nor, in fact, the major part of it. 
Church Street would be relieved of only 20 percent of 
its traffic and, while this would afford relief, it would 
not be many years before increase in traffic volume 
would make Church Street as congested as it was before 
the construction of the bypass. Other and more radical 
measures will have to be taken before the problem is 
permanently solved. 
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FicurE 6.—VoLUME OF TRAFFIC ON STaTE HigHways WITHIN 
McAuestTpR. OKLaA., Having ORIGIN OR DESTINATION OR 
Boru OutsiIpE THE CriTy, 

McALESTER STUDY SHOWS IMPORTANCE OF LOCAL ORIGINS AND 
DESTINATIONS 

A study made in McAlester, Okla., illustrates a more 
typical situation. McAlester is a town of about 12,000 
population, just about the size of Martinsville. A sur- 
vey very similar to the one made in Martinsville was 
made there. Interview stations were operated at four 
points where the State highways enter the city, and 
questions were asked of motorists concerning origins 
and destinations. 

Figure 6 shows the amount of traffic, with either 
origin or destination outside the city, which uses dif- 
ferent portions of the highways within the city limits. 
Examination of this chart alone, indicates that a cir- 
cumferential route would serve a useful purpose and 
would carry considerable volumes of traffic. However, 
this is an incorrect conclusion. 

Figure 7 shows the distribution of traffic entering and 
leaving over US 69 at the northern limits of the city. 
As ean be seen, most of this traffic has origin or destina- 
tion near the center of the city and only a small portion 
of it goes on through. 

Similarly, figure 8 shows the distribution of the traffic 
entering and leaving the city at its southern boundary 
on the same highway. Most of this traffic also termi- 
nates near the center of the city and the comparatively 
uniform band which was shown in figure 6 was made up 
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Figure 7,—DIsTRIBUTION WITHIN AND THROUGH MCALESTER, 

Oxtua., oF IN-BounD anpD Ovut-BounpD TRAFFIC PASSING THE 
Nortu Crry Limir on US 69. 

of these two tapering traffic streams superimposed upon 
each other. <A similar situation exists on US 270 run- 
ning east and west the through traffic being an even 
smaller portion of the total. 

A further analysis of the traffic on US 69 within 
McAlester is given in figure 9. The narrow ribbon at 
the bottom shows the through traffic, the jog near the 
center of the chart being caused by traffic turning off 
to US 270. The wedge just above this ribbon represents 
traffic coming in from the north and feeding out into the 
city, mostly in the central business district. The oppos- 
ing wedge just above this one represents traffic coming 
in from the south and feeding into the city in a similar 
manner. The mound at the top of the chart is the local 
traffic with origin and destination entirely in the city. 

It is evident that, even in a city as small as McAJester, 
the local traffic constitutes a large portion of the total 
traffic on the main through routes. For cities of a 
larger size the local traffic is relatively of much greater 
importance and the through traffie of correspondingly 
less importance. Figure 10 shows the traffic on US 66 
through St. Louis, Mo. The traffic at the city limits is 
small compared to that nearer the center of the city, 
and the large mound represents internal trips almost 
entirely. Of course, many of the vehicles observed at 
the city limits are moving locally from a point near the 
city to a point within the city. 

It is clear that the traffic problems of the Federal, 
State, and local governments merge and cannot be 



October—November—December 1945 PUBL CAR VAD S 167 
260 | Ehes 

Te as 
ee 2m 

RMS RRR RE, ieee 
pee ete Hel Ae Poe ee 
4 PL G EL 

HSL oe Le | 

is, iw 

LEB IR 7 Zi SBS 

FIGuRE 8.—DIsTRIBUTION WITHIN AND THROUGH McALESTER, 
Ox.a., oF IN-BouNnD AnD Out-Bounp Trarric Passing THE 
Soutru Ciry Limit on US 69. 

separated from each other on any rational basis. When 
vehicles come into a city from other parts of the State 
or from other States, they merge With the local traffic, 
and any facilities built to accommodate them will pro- 
duce a greater total benefit to the traffic which circu- 
lates within the area itself. It is for this reason that 
State and Federal engineers are having to interest 
themselves in urban traffic problems which appear 
to be local in character. 

URBAN TRAFFIC COMPLEX 

Traffic within an urban area is much more complex 
than that on rural roads. Traffic volumes are larger, 
and traffic arteries are much more numerous. Parallel 
streets offer many alternate routes of travel, and it is 
not possible to tell from observing traffic volumes alone 
where the drivers really want to go. Drivers often 
travel considerable distances out of their way to use 
exceptionally attractive routes, or to avoid congested 
and. unattractive routes. Examples of this have been 
noted in numerous cities and origin and destination 
surveys have shown that the facts were sometimes quite 
different from assumptions made by traffic experts 
with long familiarity with the local situation. 

Because of the complexity of urban traffic, it is 
difficult or impossible to collect needed data by methods 
used at external origin and destination stations. The 
multiple lanes and the large numbers of vehicles make 
it difficult and sometimes hazardous to stop traffic and 
conduct interviews at the roadside. The numerous 
routes of travel over the grid of streets necessitate 
operation of a large number of interview stations if all 
or a large part of the traffic is to be imtercepted. 
Parallel streets invite bypassing survey stations and 
where roadside interviewing has been attempted at 
points that could be readily bypassed, there has in- 
variably been bypassing as soon as lines of standing 
vehicles began to accumulate. 
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For the solution of special problems under especially 
favorable conditions, it is sometimes possible to collect 
needed data at traffic-interview stations within a city. 
In Columbia, 8. C., there are a number of points of 
traffic concentration just outside of the downtown 
business section, including a bridge across a river. It 
was possible to operate a cordon of stations around this 
section in much the same manner as external stations 
around a city are operated. Some difficulties were 
encountered, but the work was satisfactorily done even 
though the traffic volume was as high as 15,000 vehicles 
per day at one of the stations. The results obtained 
were limited in some respects, but were sufficient for the 
solution of the problems under consideration. 

Similarly, interviews were conducted at a bridge 
between Shelton and Derby in Connecticut, and in- 
formation was obtained which has been quite useful 
in the solution of highway problems in the Shelton- 
Derby-Ansonia area. 

NEW SURVEY METHODS TRIED 

For several years the need for new methods of deter- 
mining origins and destinations of traffic within urban 
areas has been apparent and effort has been made to 
develop improved methods in numerous cities. In 
Chicago, Ill., the movement of vehicles throughout the 
city on a typical weekday was determined by observing 
license numbers as the vehicles passed different survey | 
stations. Several thousand Boy Scouts were used to 
man the stations and several hundred supervisors were 
required to direct the work. The results of this survey 
have been extremely useful in pointing out the location 
and kind of highway improvements most needed and 
in assigning priorities to these improvements. One 
difficulty inherent in the method is that the zones used 
in traffic observation are necessarily large, and it is 
not always possible to fix the desired routes of travel 
with an accuracy as great as is needed. 

In Detroit, Mich., questionnaires were given to war 
workers to determine the daily number of workers 
traveling -between their homes and places of work. 
The questionnaires were distributed in all major indus- 
trial plants through the employers, and the answers 
showed the location of the employees’ homes, how they 
went to work, participation in group riding, and at 
what time. To these data were added the origins of 
downtown employees obtained by the street railway 
department through a questionnaire distributed in 
cooperation with building managers, and information 
concerning shoppers obtained through the department. 

stores. From the combined data the daily number of 
workers and shoppers going into and out of each of 10 
industrial areas and the downtown retail district were 
determined. The movement to and from each of these 
11 areas was portrayed on a map by traffic flow bands, 
or rays. These were studied and combined in such a 
manner as to indicate the major routes of travel. 
This chart was superimposed on a map of existing 
streets and from it a network of proposed expressways 
was developed. 

In Cleveland, Ohio, a traffic study, very similar to 
that in Detroit, was made. Data from worker ques- 
tionnaires were used in determining expressway loca- 
tion. This survey was made before the Detroit survey 
and was completed before the war. As a result of 
experience in Cleveland, the Ohio Highway Depart- 
ment decided that it would be better to interview 
persons in their homes rather than to seek information 
at their places of employment. In Toledo, Ohio, home 
interviews were obtained by having school children 
bring in reports on the daily travel to and from work 
by all the workers in their families. 

All of the methods described have been extremely 
useful and have met the needs for which they were 
made. None of them, however, are sufficiently com- 
prehensive to serve as a desirable basis for long-range 
highway planning envisioning the expenditure of large 
amounts of Federal, State, and local funds. When 
it became apparent that urban construction would play 
an important part in the postwar program, a study was 
made of all methods of urban traffic studies that have 
been used, and a rew method. was developed based on 
this experience. 

HOME INTERVIEW METHOD DEVELOPED 

The work which had been done indicated that the 
best line of approach was to interview occupants of — 
dwellings according to a standardized method of sam- 
pling, and to determine the travel by automobile or 
by public conveyance by each resident of the dwelling 
unit on a representative weekday. Since the Bureau 
of the Census has had a large amount of experience 
with home interviews on a sample basis, conferences 
were held. with officials of that bureau. In surveys 
made by the Bureau of the Census, and participated 
in by numerous nationally known public opinion 
experts, it was determined that a sample would be 
representative if it were uniformly distributed as to 
area. A consumer requirement survey, for example, 
showed that in a sample selected on the basis of place 
of residence alone, the relations between age groups, 
family size, sex, race, and occupational groups were 
essentially the same as determined in the full census. 
It was decided, therefore, to distribute the sample 
uniformly as regards place of residence and to ignore 
all other factors, such as occupation. To be repre- 
sentative the sample must be preselected and rigidly 
followed. The interviewer should have no option as 
to whom he will interview. 

Following the conferences with the Bureau of the 
Census, conferences were held with State and city 
highway officials in Little Rock, Ark.; Tulsa, Okla.; 
New Orleans, La.; and other cities. A manual of 
procedure was developed and work was started in the 
cities mentioned in February or March of 1944. In- 
terest has spread rapidly and surveys of this type are 
now being made, or have recently been completed in 
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Figure 11.—STanpaArp Error or Estimate or Trips DEsTINED 
To DirFERENT ZONES IN SAVANNAH, GA. 

the metropolitan areas of 35 cities... The manual of 
procedure is being constantly revised on the basis of 
experiences gained, but the basic methods remain 
unchanged. 

Information concerning traffic entering and leaving 
an area is determined at a cordon of external stations 
located on the principal highways at the boundary of 
the area. The method used is to conduct roadside 
interviews in the manner described for Martinsville 
and McAlester. 

Information concerning trips made wholly within 
the area by persons residing there is determined from 
home interviews conducted in dwellings selected to 
form a representative sample. The size of the sample 
as a percentage of the total varies in accordance with 
the size of the urban area. In cities of 100,000 to 
300,000 population a 10-percent sample has generally 
been used. In the smaller cities the sample has gen- 
erally been larger, while in the very large cities samples 
of 5, 4, and 34 percent are used. As data from the 
surveys become available, analyses are made to aid in 
determining the size of sample best suited to give the 
desired balance between accuracy and cost. 

The basis for the sample selection is a map showing 
the streets and all of the residences, If the sample is 
1 in 10 in a zone of one-family houses, every tenth 
house is selected proceeding clockwise around a block. 
If there are apartment houses, each apartment is 
treated as though it were a separate dwelling unit and 
the counting proceeds through the apartment house, 
selecting every tenth apartment. 

Each interviewer is given a list of the dwelling units 
in his territory selected for inclusion in the sample, and 
he is instructed to obtain interviews in these dwelling 
units and no others. He obtains information concern- 
ing all trips made by automobile or by public convey- 
ance on the preceding day, including the means of 
travel, the origin and destination, the purpose of the 
trip, the times of starting and arrival, and other 
information which varies somewhat from city to city. 
There have been refusals to give the information in 
only a negligible number of cases. 

In the home interviews no information is obtained 
concerning truck travel, but a special sample of trucks 

1 Boston, Providence, Newark, Baltimore, Richmond (Va.), Charlotte (N. C.), 
Greenville (S. C.), Spartanburg (S. C.), Atlanta, Savannah, Waycross (Ga.), New 
Orleans, Baton Rouge, Shreveport, Memphis, Nashville, Chattanooga, Cincinnati, 
Indianapolis, Fort Wayne, South Bend, Port Huron (Mich.), Milwaukee, Ottumwa 
(Iowa), Mason City (Iowa), Omaha, Lincoln (Nebr.), St. Louis, 8t. Joseph, Spring- 
field (Mo.), Kansas City, Little Rock. Oklahoma City, Tulsa, and Denver. 
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Figure 12.—CoMmPaRISON OF THE NUMBER OF TRIPS IN TEN 
EXPANDED 5-PERCENT SAMPLES IN TRacT 97, MILWAUKEE, 
WIs. . 
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is selected from the registration list. The owners of 
the trucks selected are called on by an interviewer and 
information concerning all of the trips made by each 
truck on the day preceding the interview is recorded. 
If there is no record of the trips made by the selected 
truck on that day, the owner is asked to have the driver 
keep a record on the day following and this information 
is used instead. The data concerning truck trips gen- 
erally consists only of the type of commodity carried, 
the origin and destination, a list of the stops made, 
and the time of starting and ending the trip. Taxicabs 
are sampled and data obtained concerning their move- 
ments in the same manner as for trucks. 

SURVEY ACCURACY TESTED 

In several cities checks have been made to test the 
adequacy of home-interview samples. The method 
used was based on recommendations of the Bureau of 
the Census and involves sampling the sample to derive 
factors indicating probability of error. Figure 11 shows 
for Savannah, Ga., the amount which estimates of the 
number of trips made to different zones, based on a 
10-percent sample, would be expected to vary from the 
values which would have been obtained if interviews 
had been made in every household. The abscissas of 
the curve represent the number of trips with destina- 
tion in a given zone and the ordinates represent the 
standard error of estimate, which is the percentage 
variation which would not be exceeded oftener than 
about one-third of the time. Naturally the larger the 
number of trips being estimated, the more accurate the 
estimate can be expected to be. For a group of about 
6,000 trips the standard error is only about 5 percent, 
whereas for a group of about 1,000 trips it is about 14 
percent. On the whole, the curve indicates that a 
sample of 10-percent is adequate for a city the size of 
Savannah because it is not probable that there will be 
need to estimate traffic volumes (or trip groups) less 
than several thousand vehicles per day with a very 
small percentage of error. 

In Milwaukee, Wis., the sample for the city as a 
whole was 5 percent. Ten 5-percent samples were 
selected in one of the zones and variations between 
these different 5-percent samples were determined. 
Figure 12 shows the number of trips made by residents 
of the zone as determined from each of the samples. 
The extreme variation is from about 3,900 (sample 3) 
to about 5,300 (sample 5). The probability of obtain- 
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ing a sample that deviates from the mean as much as 
No. 3 is only about 5 percent, and the probability of 
obtaining one that deviates from the mean as much as 
No. 5, at the other extreme, is only 7 percent. The 
test for Milwaukee seems to indicate that a 5-percent 
sample is in keeping with the over-all requirements as 
to cost and accuracy. 

In order to test the completeness with which trips 
are reported, certain well-known points through which 
traffic funnels are designated as control points and, in 
the interviews, information is obtained concerning the 
vehicles passing them. Counts are made at these points 
and the expanded interview data are compared with 
the actual ground counts. <A bridge or an important 
artery carrying a large amount of intracity traffic is 
ideal for a control point. In some cases there are no 
points of traffic concentration that are well enough 
known to make them suitable control points. It is 
then necessary to determine from origins and destina- 
tions alone those trips crossing a so-called ‘‘screen line’’ 
drawn across the area and also to count all of the trips 
on all of the streets crossing this line, making as many 
counts as there are streets clossing” the line. A river 
makes an excellent screen line and, in some cases, this 
method of checking is preferable to the control point 
method. One objection to it is that it is sometimes 
possible for a trip to cross the line twice, even though 
the origin and destination are both on the same side of 
the line, and the line has to be selected with consider- 
able care to minimize occurrences of this kind. 

Figure 13 shows for New Orleans, La., expanded 
interview data by hours and compares these results 
with counts on all ferries crossing the Mississippi River, 
the river being used as a screen line. 
afternoon peaks check very closely, but a considerable 
portion of the midday and night travel appears to have 
been missed in the interviews. Since much of the 
travel in the morning and afternoon peaks is to and 
from work, and much of that in the midday and night 
periods is for shopping and recreational purposes, this 
chart suggests that work travel was more fully reported 
in the interviews than nonwork travel. This was 
expected in view of the restrictions on driving in effect 
when the survey was made. As a test of this con- 
clusion a zone was selected in an industrial area con- 
taining only manufacturing plants for which employ- 
ment figures could be obtained. This zone was census 
tract No. 17 containing the Delta, Higgins, and 
Pendleton shipbuilding plants and five smaller plants. 

The morning and: 

HOUR OF DAY 

FicurE 14.—NumMBER oF PAssENGER Cars CouNTED AT FIVE 
Controut Points IN DENVER, CoLo., ComMpARED WITH THE 
NumBer Estimated From IntTEeRVIEWs to Haver PassEep 
THESE PoInts. 

According to the manufacturers, the total number of 
daily workers was 26,149, some of whom may have 
walked to work. According to actual counts made by 
the New Orleans Public Service Commission, the num- 
ber of people riding to work daily by automobile, 
streetcar, or bus was 23,531. The expanded home- 
interview data indicated work trips into this zone 
amounted to 21,904 per day. The percentage relation 
between those driving by automobile and those riding 
by streetcar or bus was almost the same in the Public 
Service Commission data as it was in the survey data. 
This confirms the implication of figure 13 that trips to 
work were almost completely reported and that the 
trips not reported were those for recreation and other 
nonwork purposes. 

Figure 14 shows a comparison between ground 
counts of passenger cars and expanded interview data 
for five control points combined in Denver, Colo. 
Here again the ground counts and expanded interview 
data are in agreement for the morning peak and the 
difference between them is not great in the afternoon 
peak. Apparently, trips were missed in the interviews 
for the midday and night periods, and presumably, 
these were trips other than to and from work. If the 
figures for nonwork travel were adjusted by a factor of 

5, the interview data would be in fairly close agree- 
ment with the ground counts as indicated by the line 
on the chart labeled ‘‘adjusted total.” 

Fortunately, from the point of view of design require- 
ments, traffic during peak hours is being determined 
rather closely from the expanded interview data and 
the trips missed are generally those occurring in off- 
peak hours. However, an effort is being made to im- 
prove techniques to obtain more complete information 
concerning trips throughout the day. That such 
efforts are bearing fruit is indicated by figure 15 show- 
ing combined data for three control stations in Mil- 
waukee, where the survey was made later. This check 
indicates that the data are sufficiently accurate to be 
used without adjustment. 

Another indication that more complete information 
is being obtained is that the number of trips per 
dwelling unit averages much higher in the later than in 
the earlier surveys. In Milwaukee and Richmond, for 
instance, about five trips per dwelling unit were ob- 
tained compared to about three trips per dwelling unit 
in New Orleans and Denver. Improvements are being 
brought about by more careful training of the inter- 
viewers, insistence that the information be obtained 
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first hand from the person who did the traveling, even 
at the expense of more repeat calls, and, in some cases, 
by a shortening and simplification of the form. 

It was necessary to undertake the surveys under war 
conditions in order to develop information that would be 
of value in the immediate postwar program. Because 
of manpower shortages, particularly in supervisory 
capacities, 1t was necessary to limit the work to procure- 
ment of information concerning the most important 
problems. In all cases, field work was conducted for 
only a few months and there is a lack of seasonal cover- 
age. Because of war restrictions, Sunday and holiday 
travel was curtailed and data were obtained for week- 
days only. It will be necessary to make allowances for 
these conditions in interpreting the data. As regards 
the shift from automobile to public transportation be- 
cause of gasoline rationing, the basis for adjustment is 
contained in the reports of interviews. Full informa- 
tion was obtained concerning trips by all means and the 
desired method of travel under normal conditions. 
Now that the war is over it will undoubtedly be prac- 

ticable to use a well-trained party and to extend the 
work over a full year, obtaining information concerning 
Sunday and holiday travel, as well as weekday travel. 
If this can be done, a degree of accuracy much greater 
than any vet obtained should be possible. 

USES OF THE DATA 

The most useful tabulations made from survey data 
show the number of trips daily from one zone to another 
by automobiles, trucks and passengers in automobiles 

and public transit vehicles. From these tabulations 
determination can be made of routes that will best serve 
traffic needs, and the traffic volumes to be expected on 
new facilities which may be constructed. Such data for 
the greater Kansas City area are depicted graphically 
in figures 16 to 20, inclusive. 

Figure 16 shows the interzone movements of pas- 
senger cars occurring wholly within the area which 
amount to 300 or more trips per day; figure 17 shows 
those which consist of 150 to 299 trips per day, and 
figure 18 shows those of 75 to 149 trips per day. The 
major movements depicted in figure 16 follow a well- 
defined pattern, while the minor movements are shown 
by figure 18 to be widely dispersed. It is obvious that 
movements of less than 75 trips per day are so widely 
scattered that no pattern or trend can be shown. No 
matter where improvements are located the minor 
traffic movements will be served in about equal propor- 
tions, and it is the larger movements shown in figures 16 
and 17 that should govern in route selection. 

Figures 19 and 20 give similar information for pas- 
senger-car trips passing external stations and extending 
beyond the limits of the area. From the data depicted 
in figures 16 to 20, inclusive, figure 21 was constructed 
to show major desire lines of travel for passenger auto- 
mobiles. If it were possible to establish adequate routes 
along these lines, they would attract approximately the 
volumes of passenger-car travel indicated by the band 
widths. This and a chart showing the desired lines of 
travel for trucks, similarly constructed, form the basis 
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for the location of expressways from the viewpoint of 
traffic service. The final selection of routes will be 
influenced by considerations of topography and right- 
of-way costs, as well as traffic criteria. 

An analysis was made to determine the traffic which 
would use an expressway in Tulsa, Okla., if constructed 
approximately along the route of US 66. Figure 22 
shows the result as determined from the zone to zone 
traffic flow. In estimating this traffic it was assumed 
that the expressway would be used whenever time would 
be saved by doing so, even though the distance were 
somewhat longer. There was a large war plant.in the 
northeastern part of the city, and, as traffic to this plant 
might be temporary, it was thought advisable to treat 
it separately from other traffic. This war-plant traffic 
is shown below the white line indicating the proposed 
route of the expressway, and all other traffic is shown 
above this line. Traffic to the war plant is compara- 
tively small in the downtown section (zone D-1) and 
becomes relatively large at the edge of the city, whereas 
the other traffic is relatively small at the edge of the 
city and increases as the downtown section is ap- 
proached. The lighter portion of the band adjacent to 
the white line represents existing automobile travel 

AND THE Amount OF INCREASE THat May BE EXPECTED IN THE IMMEDIATE FUTURE. 

that would use the route, and the black part at the 
outer edges represents trips made by passengers in 
automobiles, streetcars, and busses which would 
probably become automobile trips with the removal of 
wartime restrictions. This potential traffic was esti- 
mated on the basis of answers to a question asked in 
the interviews and a comparison of the relative volumes 
of travel by automobile and by public conveyance in 
the prewar period and at the time of the survey. 

In addition to the expressway location shown on this 
chart, other locations were analyzed in a similar manner 
in order to determine the service which would be 
rendered by each. The traffic shown in figure 22 is 
that which might be expected to develop soon, now 
that gasoline rationing is over and new cars are in 
prospect. Estimates are yet to be made of probable 
traffic during the life of the improvement. As the 
design progresses, the traffic that will use interchanges 
at various locations can be estimated. When properly 
analyzed and interpreted, the survey data give all of 
the information needed to compare a route with any 
other route as regards traffic service, to determine the 
design volumes for different sections, and to determine 
the needed locations and capacities of the interchanges. 
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